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GENERAL PREFACE. 

Tbx mil^ect of Physiological OuanJafty, or Biochemistry, Is 
enlarging Ite bordm to such an extent at the present tnne. 
that no aihgle textbook upon the snbject, Without being 
cumbrous, can ade^tely deal nith it as a whole, so as to 
give both a general and a detailed account of its present 
poaitlan, It b, moreover, difficult in the case of the larger 
textbooks to k^ abreast of so rapldty growin g a sde^ 
by means ci new edltiona, and such vmnmes ore therefore 
Issued when mnrffi of their contents has become obaolete. 

For this reason an attempt is bdng made to place this 
brandi of sdence in a more accessible posltlm issuing 
a aeries of monographs npon the various chapters of the 
subject, each indspauleat of and yet dependent npon the 
others, so that from time to time, as new material and the 
HamuTiH thetefoT iiBceasltatB, a new edition of each monO' 
raaph can be issued without re-issnlng the ^riiole series. In 
uis way, both the expenses of pnUlatlan and the expense 
to the uurchaser will be diminished, and by a moderate outlay 
it will be poeriUe to obtaiaa foil account of any particular 
snbi^ as nearly cunent as possible. 

The editors of these monographs have k^ two oUecta 
in view : firstly, that each author should be hunself wondiig 
at the snlnect with which he deals ; and, secondly, that a 
BQUtmtbpiiy, as complete as poesible, should be Indnded, in 
order to av^ croea referancea, which are apt to be wrongly 
dted, ""d in order that each monograph may yidd foil and 
independent Informaticm of the work which haw been done 
upon the subject. 

R. H. A. P. 

F. G. H. 
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PREFACX ' • • 

My father devoted the greater part of 'hda wbtk diulDg the 
last moatha of Ida Ufe to this oitHiogiai^ invitatlan 
of the editoiB of Monognphs oh BiotHkomairy ooirndded with 
Ida vriah to set fbrQi coaqaehenatveily liiB ovm particnlar 
sphere of work, and It wad granted to him jest to finish the 
work in which he was enpossed. A few days before Ids 
deafh he told me that tiie mannsciipt was ready for the 
p r es s. Hie text is thns an Us own work; The ** Contents " 
was completed according to Ida design from the final text. 
Onty the Frefiice rnmained xmfinishdd. . However, a lon^ 
draft of it waa fonnd, which, in qdte of its evldenlly incom- 
plete form, ahowB duoae points irtnch shonld be tamphasiBed 
in the prebce. It reads : — 

*' Investigations on protamines and Idstonea have been 
undertaken nHmfly from binlogiral aqiecta. The antbor 
was first led to etody the evolntlmiaty changea which protein, 
one of the chief oonatitaenfa of the cell, ondeigDea in the 
diSerentiatlon qf the tiasaes. The chan^ was dJacovered 
to oonalst In the prodncticn of proteina whidi ate diatin- 
gnlabed by basic properties from the generel wldety distil- 
bnted typical proteina, which poeaess acidic character. The 
protamlnea and Mwfamwa ibnn thia dasa oi proteina. They 
ore biologically the more important becanse they are formed 
In the organ of the the nndens. They do not, 
however, occur in aH nndel, but only in the nndel of certain 
WnHa of tiaanea. A new and as yet unexplained charac- 
teristic was thm revealed. Anatyaia Showed that these 
nucleo-proteins e x to ted in a great variety of chemical atruc- 
tures in the various fandHaa and gmera of anitnalB, and the 
question arose whether tbeae diwndnitl forma of karyoplaqm 
were of equal hnportanoe to the morphological distinctlanB 
in the aystemailc and evotationary consideratian of tbs 
mujoal kmgdon. 

“New meihoda bad to be developed for the in- 
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TOBtlgatloii of tbaae p rot eh ifl, and they are in the 

fltst part of ftda numograx^ But, apart from fUa, the 
Babatanpea found in the kaxyopkam are of purely 
intoEeat They appear to be, aa It we, a protein molecule 
^vidch is ttctoodod in obe dlnction a nd stimtdd in Buothar. 
The extended part, vduch oontalna only certain parts of the 
protein molecule, predomlnatea, and ao the whole appeara 
rinqdifled. 

*'Aa ain^ analogues of typical protedna, the protamlnea 
are particulaily favouiahle BubatanoeB for the study of cer- 
tain p ro perti es and stractnral relatlans of the proteins. 

*' Knowledge of the protamines end histonea haa ao far 
only been derived from the deecc^ptive aide, and bdonga to 
the large and important leglan of Hnnb«mU ti y, which has 
thorn £u been advanced and developed only hy descriptive 
and not by e x pe rim ental means. 

Mmy of the data go back to the years when there was 
no dear standpoint for a criticism of the resnlta, and pai^ 
ticnlariy the analytical methods were not developed. Tlure- 
'^ore le^examlnatloQ is derirabite.** 

AU to whom I turned to do the last ateps which were 
neceBBBxy for pubUcatlan have hel^)ed in the moat' friendly 
way. Frafeaaor FeUxi at the w^ of my father, looked 
through the pages relating to hia own wrak and auggeatod 
eeveral amaU changea In flgoiea, as well as the ndditim of 
a Boitaioe. Miaa Lniae Graher oomideted the referencea in 
the way mtanded by my father. P r o J eaaor FUmmer has 
undertAken the care of the l&igliah edltum in the moat 
friendly manner. Dr. Thorpe undertook the tcandatbn, and 
Frofoaaar Kdlhanher and Prnfeaanr PeUz a revialon of the 
proof-dieeta. To them all I wish to ex prea e here my moat 
' Btaocn HiajikB. 


JCrmr.^ 

OcMr, 191;. 


W. KOSSEL. 
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PART I. 

THB PROTAMINBa 
CHAFnCR L 

TBB MBAWnrO OP XBB TBSH ‘'PBOTAHDn.'' 

TKb dlMOvaiy of protunlnai wv't nmilt of InveotlgBlicau Into Iho 
chomlcal natun (rf tho cell nucleui wMch IMedrloh Iflevher (la^ 
began In Hoppo-Sqrler'i laboratory in the year 186B. MlearJier found 
pioteliia of addle charaetarcontalnlDgphoapbotlcBdd~^the" rniddna'* ' 
~ 4 ntbenncldof puacella. He axtBoWblBnBaarcliea to other organa 
rkh In nuclear material, and found In the apenn of the aalmnn the 
aalt-Uke compound of a n«rf<Jn (later called " nudde add ") ulth a 
baae to which he goue the name " protamine “ He deacrlbed 

Iti pi^peortloa and deduced the formula C|HmK| 0|(0I19 bom onolyaia 
of the platinum eolt 'IheonalyBei^ repented and euppHanented In the 
BonM year by Placard (143), Agree to a certain extent with thooe of 
later wotfaa t a. The olniple formula advanced by hOeacher could not, 
however, be malntalnedl 

The reoulti of Mlaachiir attracted little attention becaune the chief 
point of Inteient In theae Invertlgati on a , that In, the analogy between ,, 
thli protamine ond the protdna, wan overlooked. During the firnt J 
twenty yean after the diacovety of protamine only one brief nforeoce m 
to It occun In the literature (5), a^ only Incidental mention In 
text-booka. T 

bi 1884 there appeared a paper by Koaael (74) on a protein rldi 
In nitrogen which bwen found In the "»«*^** of the red blood cor^ 
of the bird, In Nlt-Hke combination with irndde odd. In 
thla raopoct It preMOted on analogy to the protamine of aalmnn operm. 
Kooad called hli subetance " hlatbne." Further work on the con> 
adtuenta of the nucleua brou^t out Ita analogy to jxotamine more 
clearly. 

EDatone occura In aalt-lUn combination with n u de i c adda in other 
organa rich In nuclear material, auch an the thymua gland (Ullenfeld, 
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1899-94) (118, 119). The final proof of tha doH nbtkndilp batman 
thaw two auhatanrea and the protab-Uko nature of protamine wu 
ghmn by teBaotchei on the hydiolydB piodncta of a baae obtained fram 
the pterin of the ituiBOon. Komal (75A, yfi) found in thla material 
a nibatanca which waa almllar to the ahnon proUmlne, but not 
Identical with It Hence be propeaed that the term protamine^ 
which had bean Introduced by Hlwher for rite baaa prepared from 
■nimnn ■perm, ahould be uaed n a general name for both baaea, and 
Individual protaminea' ahould be named after the family name of the 
flab— thua — iminii end abiriiM. TUa nomendature baa been ^ipUed 
to the protamlneB dkcovnted later, e^^. dupdiie and ecombrint 

The hydfolyili of itailiM carried oat by Koaad In 1898 (77, 79) 
revealed the praMOce of three bode deoompodiionptoductB: arglnlnB, 
lydne, end tto then nnlmownbaaeblatldloe. Arginine had (wevloualy 
been dla coveted by Scbulie and Steiger (158) In the cotyledona cd 
etiolated lupin aeedllnga and recognlaed aa a decompodtlon product 
of protelna by Hedln (do). Lydne had been found by Drabhed In 
1898 (93) alio aa a unit of the protela molecule. About the aame time 
Hedln (61) obtained htoMltm by the faydnlyala of other protdni. 

The further woric of Knead and Ua eollabontora developed mainly 
In two dlrectiona. The Invertlgntioni ware firat ortanded to the i p erm 
of other fldi, and In thla way new typea of protaminea were found. 

The methoda of aeparatlng and lardatlng the decompodtlon pro- 
ducta were neat daborated. New decompodtlon product! were 
characteriaed and the quandtativo rdadona of the uidta wore made 
' dearer. 

Kutajeff in 189B (no) woridng In Koaad'a laboratory found In 
the taadclm of the madcenl a compound which waa alinllar to aalmlne, 
butnot Identical with It lioilcowln (131) pr epa r ed from the tedlelea 
of Cydoptarui lumpua another protamiite of adlfferent type. Othen 
were found In the apenn of the carp, the perch, and Ctenllabrua Pavo. 
It became dear that the oocurrenee and dlatrlbutlon of the protaminea 
ware confined to the teatidea and aperm of fiah, and that In cortaln 
famiHaa of fiah the protamlnee were replaced by hlatonee. 

locmadng knowledge of the faydnlyilB producta of the protaF 
mfaNB confirmed Kcaad'e view, which bed at fliit met with aome 
oppeddoo, that the protaminea bekuged to the protein group and were 
the meet elementary type of tide large and important claaa of oom- 
poonda. in addition to tfaoabove-meationodbaaee, arginine, higtidlne, 
and lydne, the fbllowliig moooenilno-eddi were gradually found 
a m o n g the faydrolyde producta : vaUna, prollne, and In certain p ro ta - 
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mlnM tyitufauy lerine, ilanlnii, ud bTptophan, At the proMot time 
no decomjMeltian product of jmtRinlnee ta Imoim irhloh doee not 
occur In pratelne. Aleo tho mode a£ Unkage ii the eenie u 

eiamp H fled eepndnny by thdr behovloar with protaolytio emyinei 
{yj). Finally, It haa ben abown by the atudy of the oclgin of prdta- 
mlnaa In the ofganlam of the aalmon family, that typical pioteloa are 
c on verted Into protamlnoa In the couiie of apermatogeneala (laS, 

The ohamlatiy of the pntamlnoa la thenfere a part of the chemlatry 
of the p rota in a. The protaminea an the dmplaat of a aariea of com* 
pounda, the moat complaa of which an the typical pntalna. Than 
an about twenty unlta In the pr o ta in a but onty four In the 

protaminea. The atudy of the protaminea would thna be fiapected 
to give Important Information about the whole group of the protelne. 
The technique of the quantitative faydralyaiB of the pntamlne mnlenniB 
Into Ita bade conatitnenta haa alre^ been iq>plled to the analyala of 
comidcK protaina, 

Hiato^ like the protaminea, an a claaa of compounda c om prhdng 
varloua typea. Th^ contain a greater number of unlta and t^ an 
mon neady related to the co m plea protdna, Thdr doae tehtionahlp 
with the pntamlnea can be damnnefaated fay hiatological and chemical 
meanat The proceai of development, whl^ leada to the formation 
of protaminea in the nudd of oertaln famlliea and genera of fiah, 
atopa In moat at an Intermediate atage, at the fannathm of 

hlmtnnM Doling dovdopmoot changea occur In tho orlgbul protein 
whloh cauee It to bocome bade in character. The hlatonne en the 
fiiat and the piotamlnn the final Mage of tfaeae degradatlve ahangea. 
Hlitonaa, tho protaminea, an not to ono mall eeotinn 

of tim anifTifti iringAwi. Ndthcr protaminea nor have been 

found In planta. 



CHAPTER II. 

THB muxs OB IHB noiAUJim. 


It Is bumn that the protfliiii break down on hydiQlydb into a largo 
nainbflr of eompounda which are ngardad aa the nnlti of the protein 
molacula. The pretamlnei break down In a eloillar way on heating 
with adda or allwliea or by the action of oneymea. Laigar fragmenta 
of the mnleeule, eompoaed of two or more uniti combined together 
— pretonea, peptidea, or anhydrldea— are obtained by leaa dnatlc 
hydralyda of the protamlnea. 

Hie fallowing eompounda have been IdentlSed as' unlta of the 
protamine molecule ; — 

(i) Aladne, (a) aeilne, (3) an amlnovalerlc odd, (4) proUne, (5) an 
amlnocaptdc add, ((Q tynalne, (7) tryptophan, (B) hietidine, (9) lydne, 
(10) arginine. 

The methoda of Inveatigatlon are amenHally the aame ai thoee 
which an employed for the hydrolytle deavoge of the prateina, but 
by reoaon of the amaller numW of uniti the proceaa la conaldetably 
almpHfied. Tlw fact that the aetloa of atrong adda producea no 
bumln or ammonia further fodUtateo the proceaa. 

The uniti of the protamlnea an por^ bade In ebaraeter and 
partly neutral In the form of monobadc moDoamlno-adda ; the analy- 
tical procedure will oonaeqnently be deacribed in two parti, one dealing 
with the laoladon of the three bode conatltuenti and the other with 
the detection and eadmatioa of the monoamine-addB. 

A. SBPARATTON AND QUANTITATXVB BSTIMATION 
OF THB BASES. 

There an a number of methoda for the examination of the baaea, 
but the diver-baryta method devlaed by Koead and Kuticher In ipco, 
and Ita moat important modificatlona, win be deacribed fint It 
depe n da on the formation of Inaolnble allvar eompounda of argiolne 
oiul hlatldlne In the praaence of fixed ■ifcaH— - Theae eompounda had 
been prevloualy deacribed and uaed for anolyila by Foarel In 1898. 
Since a protamine addom containa aU three baaea, generally only a 
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part of tbe analytical method deKilbad bdow la naeamaiy, but In the 
case of the histones the whole procem must be used. Tbe allvar^ 
baryta motbod Is also the ba^ of tbe methods for the prepamdon of 
the Individual decompodtlon products of the protamlnm. Moot nf 
the analysea given In this monbgraph have bem pecformed by this 
method. It la therefore given fiiet In its older form and then with 
Fomel and Gnioo's method of predpltating oiginliu with flavlanle 
add. 


(e) SUver-Baryta Method. 

Tbe method can bo divided Into the following parts : — 

(i) Hydrolyds of the protamines wlthenlphorlc add. 

(a) Removal of sulphuric add. 

(3) Predpitatkm of arginine and hfatldine. 

(4) Separation of hisddlne and arginine. Estimation of blatidlna. 

(5) Estlmalinn of arginine. 

(Q Batlniatlon of lysine. 

(i) HyMftU ef Uu ProUtminm. 

The following roogents have been employed for hydralyala i — 

(a) Bolling sulphuric add, up to 3J per cent by volnme^ concen- 
troM hydrochloric add, or hydriodlc add ^ at abnoaphetlc pr es eui e. 

(t) Dilute sulphuric add at 0 prassure of from one to four atinne> 
pheres and a tompomture of idO*. 

Tbe conditions required for complete hydrolysis Into the decompo- 
sition products montloned above have not yet been sharply defined. 

Nekao-Oeriisid (133) illmnliud sohihslB la dlliitB nl^hiirio add 

ae tiiat the adliitfiiQ 10 ps cMit of pratamlne wilphete and 0 per 

cant (tijTnjflhtj nlwilplinrlniiilrt mil aiitnnTainitttfnrtini limriat T|T*ani1 
at a pwuiu of ana atm i Mplw a, The lijAiuljaui] ealnBiio geva no Mmet 
iMCrtan, but itUl contained peptides of lOBoaeniinoadds. Blgber teqww- 
tmee (idd* to dw o nmpn ea d tbe ergfaibie, 

OfOBB (34) lamid that tbe hydx o lj de ct olnpdne was tniwmp l de after 
80 mbrntas at 160* wllb ealplnirio add (4 per <nit by fclmne). Tlw 
p ro duct cmrtdnwl aiglnfaie as well as mnnnainiiin-anhlB fai peptide oamfafaia- 
thn. The btnrrt lesettco was ne longer |tven. A nMnaon Of tbe hjdiolyalB 
WBB obtained by datarmlnathii of tbe free unbio-nltmgBn. 

iToiHiM md ito OBB be oMd tneteed of hydriudlo eeld (roe tidt 


Aydel. CSm., ji, 17S}. 
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In mort cflHi faydrolyib vlth 35 to 50 par coat, nilphuilc add 
(by wallet) for ao houn haa baaa oflq)Ioyad. 0*5 to 5 graina of the 
protamine ilphate are balled i*ith a mfadiiiro of two to three tlmee the 
weight of cooceatiated eulphoilc add and four to aiz tlmea the wd^t 
of water for ao houra uo^ a reflux oondaoaer on a paraffin b^h. 
The Uqold le tl^ made up to a known vdume and on aliipiot part 
oed for the determination of nltrogn by KJeldahl'i metiiod. The 
mlciD mothod li iMd if ooly mpTI quflotltlfli of on WBlloblfii 

lUi dfltsmilmtlazi glvoi tbo totil nltrogon in tha nVft’otigii imHiw 
bivortigatlon. (NltrogeaA.) 

(a) RmimmI ^ Snlphait AM, 

The aolutlon !i wanned and a hot nhitkm of barium hydroxide le 
gradually added until the Uquld (a only feebly add. The barium 
lulphate pndpltate le filtered off, balled up with water four tlmee and 
waahed ontU the waahln^ no longer give a pradpltato with phoapho* 
t un grtl e add. The combined filtrate and waahbgi are evaporated 
and made up to a known volume. The nitrogen a Htmrlng to the 
barium aolphate Ii calculated by eetlmatlng the nitrogen (by KJddahl’i 
method) In on aHquot port of the aolntlon. (Nitrogen B.) 

(S) PrtdptiaHim of ArgbmM md HiiddlM w Sihmr Cmpomii. 

The aohidon la jdaced In a floak and gradually treated with a boiling 
aolutlon of Oliver eulpbate with omiatant etlnlng. The quantity of 
reagent required le aacertalned In the following way : A drop of the 
liquid k tranofemd by meone of a ^am tod to a drop of baryta on 
a watch ^oae, etandlng on a blade aurface. E a white or ydlow pr^ 
dpltate li formed, mere diver aolphate li required. E the predpltato 
la brown, nffldent reagent hai been added. ’When thla la the eaee, 
powdered baryta la added to the cooled Uqold untU aome remalna 
nndi mo lv ed on the bottom of the veeed even after long atlrring; The 
v n l nml noua brown pndpltate la filtered off end ground up with the 
filter paper In a large mortar with oand and baryta eolutlon, refilterad 
and thmoughly waahed with baryta aolutlon. The predpdtate con- 
telne the arginine and Uotldlne; lyaine and monoamlno^ddo are 
preeeot In the filtrate. 

(4) Sfperedon cf HisHiiiu end Argimnt. 

The pre dp lte t e from (3) le ouapended in auffident dUuto aulphnrlc 
add to give a feebly aeld oohitlaQ and decompooed with hydrogen 
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t nlpWdn . The liquid li boUod to ranovB hydngm nlphldfl and tJw 
pndpltate of ■Uvur lulphldo and barium wlphata filtand off, boUad 
with water and waahed until. there li no pradpltate with phoqibo- 
tun^tic add. The filtrate and waaUngi are evaporated 

and made up to a known ▼olume. From a KJaldahl *»rimntinn in an 
aliquot pardon the nltragen pndpltated by ailver and baryta con be 
calculate (Nitrogen C.) Anotte aliquot portionla uied for carry* 
logout the dlaeo reaction. If thb la podtive, histidinols pieaentai^ 
the procedure In the next paragraph la adopted. H nogntivej the 
artl m a ri o n li carried out according to Section (5). 

The aeparation of nod aiginlno depeoda upon the fact 

that the ^ver compound of la predplb^ at a leaa alkaline 

reaction than that of arginine. H a neutid aohition of a mixtara 
of the ailver compounda of hlatldlne arginine la gradually 
alkaline by the addition d batyti^ a point la readied at tridch the 
pradpltation of hlatldlne la compl^, while the arginine haa not yet 
otarM to aeparate. Thla la achieved by the very cautioua addition 
of baryta.* An eaay way of reaching thta end point la to add barium 
carbanate to the neutral odutlon of the aUvur compounda d the baana 
ondheoting. Thentbeolkallnity* produced by the arginine carbonate 
la aufBdent to cauae the predpitatim d the ailver compound d hlati* 
dine without any aeparation d the arginine. The complete predpi* 
totion la thua In thla caoe dependent on the pteaence d oiginW 

The procedure la carried out In the following way : The filtrate 
from the oUver aulphlde ia noutrallaad with baryta a^ treated with 
barium nitrate to complete the predpitatlon of the aulphurie add. 
The barium aulphate la Stored off, waahed, and the eolation ev^ioratad 
to about 100 cl& After oddlfylng wl& nitric add, co n cm tr atad 
aUvur. nitrate la gradually added until a teat drop ghrei a brown pro* 
dpltate with borytL Baryta aohition la now added until the volution 
la feebly add, and then a anapwialnn d barium carbonate. The 
odutlon la heated on the water bath and than Juat brought to the boll 
over a gauae. predpltate qU the Uatidine and, after 

cooling^ la filtered off and waahed with weak baryta aohition 'until 
free frmn nitric add. The filtrate and wadilnp on kept for the eotl- 
mation d arginine. The pradpltata la addtfied with aUlphuric odd, 
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gmdy vunted and docompoMd wltli faydragon w IpM de. The filtrate 
and waahlngi from the alhrer aulphlde an roduced to lOO c.a The 
nitrogen In an aliquot portion li mtliDated by KJeldahl'e method. 
(Nltiogan D.) From the amnunt of histidine can be calculated, 
making allomnce for the vaiioni portloni reowved for analyaea. 

Grmkutric EstimMiiM 0f HistUtm. . 

The gravimetric estimation of the |s made irlth the net 

of the Uquld irfilch Is freed htan sulphuric add by hot baryta solution, 
the sxceaa of baryta bdng removed with carbon The barium 

nlphate and carbonate an filtend off and well washed, and the filtrate 
and waahlnp evqrarated to about lO c.c. The Ustldlne is converted 
Into the monoplenlonatB (71) (see also Bri^ 14) by adding all^tly 
men than one molecule of plcrolonlc add, dlaoolved in alcohol, Le. 
on amoont cotiMpondlng to cme-third of the nitrogen found In D. 
The pierohaate Is filtered off after three days, wadied -with a little 
water and dried at lOO”. The hfariHlna hi the plcrolonata is calculated 
from the formula C^HaN^a . Ci^Hgl^Oi, Vickary and Leavenworth 
(i8ga) lecammeod using histidine flevianote for t^ purpose. 

(5) ErdmedM af ArtbdM. 

This ostlmBtlon Is peifmmod on the filtrato from the silver compound 
of histidine (above), 

J£ Is all— the nltrogBO C gives the arginine nitrogen. 

If histidine is present, a further pr ed pi tation of the arglnlae as 
aOver salt is necessary. - The filtrate firo the histidine aPyer compound 
Is eatnrahid with powdered baryta. The predpltato is filtend off 
and, with the filter papor, ground up with baryia and sand, and washed 
- until free from nitric add. The pr^pltate is then suspended in Vater, 
addified with sulphuric add and deempoaed with hydrogua sulphide. 
The filtrate and washlnp firom the diver sulphide an evaporated to a 
known volume and tbo nitrogen —rimataH In an aliquot part. (Nltro- 
genB.) The amount of arginine is fnm this estiniatlon. 


G rmhu lrU Eitin u H oH oj ArgMiu. 

The Uquld, in which the nitrogen C (In absence of histidine) or B 
(If hlstidloB is present) was detemined, is used for the gravimetric 
fwHmarinn of arginine. This eetlination conslsln in the converdon 
of the arginine into the sparin^y soluble " flavianate^'* the salt of 
i-naphthnl-a, 4 dlnitro-y suTphooic add (104). 
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Ilia BToatar port of tho nlplmrie add ia removad 
Kdutloii by adding baiyta until the taaction la only juit add 
p^MT. Tho pnaaoca of barium aalta In the adutlw muat bd B?aided, 
butadlgfatamaHQfiulphmlcadddoanotlntaifeni. Thapndpltnta 
of barium aulphate Is ^tand off and aitraetod four timaa nith hat 
water* The mnhlnwd filtrate and waaUnga are reduced to a known 
vnlnma. A portion of this solotion containing from ooa to 005 gram 
nitrogen (006 to 0*15 gram arginine) la treated with aqueons fla;vlanIo 
add, 15 parts by weight bdng required for every part of nltrogoa 
(calculated from C or B), The liquid Is made up to 50 0.0, and Idt 
to stand for three days. The arginine flavlanate Is then filtered off 
In a weighed Gooch ctudble and waahod with water wMifalmng r 
trace of flavlanlc add. A very tnall amount of arginine flavianate 
goes Into solution, Increasing the yellow oolonr of the wash water. The 
washing la complete when succotolvo portions of the waaUngi 
In colour. The arginlno flavlanate Is dried at 105^ - One part by 
wd^t corresponds to 03560 parte of arginine. 


(<9 B sHmaHm of Lythu. 

The filtrate from the first ailvor predpitate obtained In (3) Is addl* 
fled wldi sulphuric add to remove b^um and freed from sOver 
with hydrogen sulphide, The predpitate of barium sulphate and 
silver sulphide la filtered off and washed. The combined filtrate and 
washlnp are reduced to a volome of from 50 to soo c.& according to 
the quantity of the substance under wwnminariftn. Two aliquot parte 
of this solotion ore taken. In one the nitrogen Is esHmated. by 
KJeldahl's outhod (nitrogen F). The other Is ^rlth sqlpbiirio 

add and treated with a drop of phaspbotungrtlc add aolntlan ; If a 
predpitate comes down at onco or after a short tbne lysine la piteapt 
If no predpitate Is formed, lyslno Is absent and P gives the dbogdir 
of the monoamino-adds. If lyeinC Is present, the whole liquid Is' 
treated with Bu4>buric add so as to conteln about 4 per cent sulphuric 
add and phoqihotungsdc add la added, a large eacess being avoided. 
Tho reagent Is added until a test drop of the cloar liquid remains dear 
10 seconda after the addition of more phoqdiotuagstic add. After 
04 hours the predpitate is filtered off, ground up in a mortar and 
thoroughly washed with 4 per cant sulphuric add. The filtrate 
and washings are reduced to a known volume and the nitrogen in an 
aliquot part is estimated by Kjddahl's mnthnd. This gives the nitro- 
gen not predpitated by phoaphotungstlc add. (Nitrogen G.) 
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Cr m tm ttic EHirntflm •f 

Lydnfl li c on v art ed Into lyiba pkratB for thli oatimatlon. 

Tho pbtMphobinptnta pradpltnto Ji groond to n unlfonn paita 
iHth mtar and pound Into boUing watar. A hot eonoantratod aohi- 
tton of baryta la than addad until the liquid la ■troogfy allnUna. Tba 
InaoluUa barium aalt la flltarad off, artracted aoveral tlniea irith hot 
baryta and waahad irith hot watar ontUriiera la no longer a pndpltato 
with phoapbotungatle arid. The flltrata and vaahlnga, after paiplng 
carbon dloilde to nmova axcen of barium, are ooneantratad over 
a flama^ filtand and av^xvatad to drynaua. Hie raaldna k taken 
up In watar, filtamd from barium carhonatn and again evaporated. 
After additimi of alcohol the thick ayrapy realdua k atlmd up with 
a amen quantity of fjerio A coneentiatad solution of 

pkric a^ k t^ addad gradually, at first In vary small quantitiro, 
to the alnohoHc liquid In a porcri^ barin until neutral to litmus. 
The pkrata, which aaparataa, k coUectad after 34 boon and washed 
with a very little absolute alcohol, dkaotved In boiling watar, filtered 
if neceamry, and the aohithm evaparated to a amall volume. On 
cooling^ lya^ plcrata separates In naedlas iridch are collected on a 
wrighed Gooch crudblegWaBhod with a little alcohol, dried and weighed. 

The wwnMniiH mother liquors, after removal of aloohol by qv^iora* 
tlon, ore with sulphuric add to about 4 par cent by vdume 

and the picric add k removed by atractlon with ether. After 
reoufval tho ether, tho aqueous sdution k again prodpltated with 
phoqihotungrtlc add and the predpitate worlod up ^ lysine as 
above. The prooom k rqieated as long os a predpitate d lysliw 
plcrata k obkuned with alcoholic picric add. By careful addition 
of picric add In the above predpltatlons and by avoiding on aa c em, 
which redksolvas the p re cip itate, the yield of lysliie picrate after the 
third phosphotunprtic add predpltatlan k usually so small that it 
con be ne^eeted. Iba lyalM k calculated from the picrate which 
hu the formula CaHyN^a . 

The mooning of the nitrogen values A to G k as fallows : — 

Am Total nitrogen of the protamine. 

B. Nitrogen In die filtrate from the first barium snlphatn pr^ 
dpltata. 

A-B. Nitrogen adsorbed by the barium ilphato predpitate. 

C. Nitrogen In die fract^ predpltBted by diver and baryta 
(arginine + histidine). 
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D. HlitldliM oltrosBo. 

B, Afglnine nltnigeo. 

P. ,Nltra^ of lydno + nymnurrino -a d da. 

+ F)> Nltragon admbod by illw lulphldB. 

Q. Monoaminn-add nltfogan. 

F-G. Lyilna nltrogan. 

Tha varloua pertloiia nmovad for aaalyiea muat be taken into 
aoGount In theae calculatiotia. 

(7) Adtar^ten ef Wingm C a m fi emis on SU Pne^itokt. 

The adwMtMd eubetanw an not mahed out by repeated eitiio- 
tlon with hot water. The amount of adaorbed nltzogen (Ar^ cone* 
aponda to i to 5 par cent. In the protaminaa of the aalmlne grbop, and 
a much greater propordon In the other protamiaeo and Matonea. 
In the oakmlatlon of the raaulta of the aoalyiea the queation ariaea 
wbather the nitrogen of the baaea la eoncemed In thla adaorption. 
Bit la not, the ratio of the total nitrogen to the nitrogen of the baaea U 

glvan by tha firaetlan tifeqgM <rfihe ~Siai* 

hydrolyde prodocta am adaorbed equally, tha ratio la rep r eaented by 

IQ 

In anewer to thla qoeatlon Schendc performed the following ea- 
perlment. In the mbrtore of the hydrolyBiB produeta of cyiwlnlne 
the ratio of the total nitrogen to the rdtrpgea of the eobatancea pre- 
dpltatad by pboaphotungrtlc add waa determined without removal 
of the aulphurle odd raqulnd for the hydrolyala, that la, the ratio 

tHtrogenof^ 'Biiei' 1 ° “other P«rt the aulphuilo add waa 

removed and the ratio oRhe Baeea ^ 

filtrate (and waahlngi). Although 4*14 per cent of nitrogen waa. 
adaorbed on the predpltate and could not be waahed off, yet the 
ratio of the total nitrogen to the nitrogen predpltated by phoapho' 
tunptlc add ohowed no change. The adhorption thna concerned 
equally the bade and non-baale liydrolyda pro^eta, and In thla caae 
then waa no baala for the amnmptlon that one group of aubatancea 
accounted for all of the adaorbed dtrogen (humln). 

Analyda by Staodt diow how thla adaorption a&eta the protaminaa 
rich In arginine. 
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op to too C.& Tbtil nltregna li oidmatad la i cx. acoonUog to 
pio^’imatbod. Itlaliaatodfar3hoiik«iritfanilphuiicadd,potaBlDoi 
a tnca of copper aolpluit B aod a bduH ^bole of moreuiy ; 
(K>i N nludaoe are lad la the titration. 

protamlna of the nfanJae groap, the add la nmoved by 
the oddltto of baryta until the aohition only Juot Uuea congo paper. 
The bailuni aidphatala flltorad off and extracted four timM with about 
950 C.C. of watar. Filtrate and waahlngi are cancaitratad to 100 c.c. ; 
1 an. of thb j| mad • mlcro-KJoldahl ortlmatlnn, Hie 

arginine la edimated by treating a eolnme ^ thli aolotlon, which la 
«i«iwiiohirf to about O'! gram of arglnhiB, with a aohition of 

0-5 gram of flavlanle add, the total volume bdng made up to 30 c.c, 
Lydne la eatiinatad In the flltnte from the aUverbaryta predpltate. 

(e) VAN SLYKB'8 METHOD. 

The method of van Sl;^ baa oftea been uaed for the analyala of 
the Mgt*w piotdna, but haa not yet bean widely applied to the prota- 
mlnea. The piindple of the mediod la aa fbllowa 

(i) The three >m»nn« baeea In the bydrolywte of the protein are 
pre^tatad with phoapbotungatla aold. 

(9) If a mbctun of the baeea la boiled with atrong cauatic aoda, 
aigblna ghraa off half of ita nitrogen aa ammonia, but hlatldlne and 
lydne form no ammonia under theae condltiona. Tbua the arglnlna 
can be calculated from the amount of ammonia formed. 

(3} ff a mlxturo of the three baaea la treated with acetic add and 
potaaalom nitrite, the a-nmlno-oltrogen of all three baaea and the 
»«mlno*nltrogen of lydne react according to the following acheme : — 

RNH, + HNO, -^ROH + H/) + N.. 

Iha nitrogen (tf the guanidine group d arginine and of the imfaamiw 
group of hladdlne do not take part In the reaction — “non-amlno- 
nltrogen." The difference betwm the total nitrogen of the baaea 
and the reactrve amfaio>oltrQgen g^vea the value of the non-umlnn- 
nltrogon. If the total nitrogen of the arginine la A the non* 

amlno'nltrogen B, then the hlatldlne nitrogen la ^A^. The 

lyalna nitrogen la the difference between the totd nitrogen of die mhc- 
turo of the baaea and the wiiw of the nitrogen of the atglnliw ""4 
hladdlne. 
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FUmmor’iniodlfieBtloaafvuSlykB'ixiiatbodlimoitcoiivaiiiaat' . 

1 to S gmns * of protamlno an boUad for 34 houn with ten to 
twanty timaa tha wel^t of 30 par cant faydncblotlc add Ilia 
aohitloii la than coneaatratod AaaiacMa to ramova aa taneh hydrechloilo 
add aa poarihia, dlnolvad In warm watar and mada up to a known 
vohifTie. An aliquot part la uaad for the aatlinatlbn at the total nltn>< 
gan. 1 j 0.0. of cooean tt atod hydrochloric add an added for every 
100 &C. of aolotlon and phoqtbotongatic add (prapand according to 
Wn) In aquaoua aoludon la ad^ until no further precipitate la farmed 
The liquid la then made up to about aoo e.c. (according to the amount 
of the phnaphrtfampfntu pndpItBte) and faimtad until moat of the 
pradpltate haa diaaolved. Afte atandlng at room tempentun for 
two ^yi the pndpitata la ^terad off on a Jena g>— flltor and waahed 
with 50 to 100 ae, of dilute hydrochloric aold (i : 10), udng It In 
porthma of 10 c,c,, the pndpitata being ancked dry aftar each waohlng. 
The titrate and waahlnp an again flltamd throngh a 7 om. paper. 

The phoqihotungatato pndpitata la dtaaolved on ^ filter Id juat 
auffidant N aodlom hydiindda and tha aolntlaii and waaUngi again 
filtand tbnu^ the paper uaed above and made up to 100 e,e. 

Thla aoludon of tha baoea la uaed for : — 

(i) The estimation of the anmicnlaglvBa off by arglntoe on heating. 

(3) The eatfanatlMi of tha total nltrogon of the baaeo. 

(3) The eatimation of the amlno>nltngen, 

BsHm M H oH rf tib JfrgMut aliquot port b tal mn, 

the actual vnlnma being datarmlned by the arginine content of the 
aoludon, and an equal volume of 40 per cant, aodfaim hydroxide added. 
Thb aolutlon b bdlad gently for 6 houn under a rtfux condaneer, 
ualng Felln'a hulb opparatua for the collection of the ammonia. The 
watar b then run out of the condaneer and the liquid boiled for 30 or 
30 mlnutea when the aiwnvwiift dbtila ovar bto the bulbo. 

' The amount of ammiMila formed b ertlmated by titrathm. i c.& 
of oi N odd correqionda to s-S mg. of arginine nitrogen. 

BiUmtHm of Ou Tolot IfUrogm of fib Bam , — Thb b detar mln a d 
on an aliquot port of the aolutim by the uaual KJeldohl method. 

Et Hma Utm of As A mfa o HU ro goa of Ao Bam . — In another aliquot 
part of the aolutlon of tha baaea the amlno-nltngen b eatimated In 


p. ua; 

■ 


of FnUaa, i, sxd adltliHi (leif). 
J„ 1004 (xm); nd Komrn, JMXin 4 % tOf, laaa 


xvlacinliaglnB 


ABODst n^nlisd i 
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vin Slyke't micro appmtui. On Bcrwint of tbs proMocs of lyilns 
I hour Is nocesHiy according to Pllmmcr at tamparatans bdow soP, 

If -|1|0 ffltfula frm ilw phoBphotsnpiiKtB li hofttsd vlth 

In tts abofa nsmw, tt is iaaid (EUnnwi) tint nna ammonk h tamed at 
wbkb Urn afl|in kiiot ]vt otar. B lUi It sugibad to a ulnlu tb ona nuat 
MRBia tfaftt oiiummt taflu aDo4inl oi 'tte tbtal V f ^nb iB nsy 

tao^ partpHatbai by pja^hotangrtk add, nmniar adda Ilia ptotlao 
** fniala f tiiat no oHiar asifni>«Gld babaTliif Hka aiffadna k ftt a unl la 


ThaNUnfm s/Or Jfawaswfaff grid Pnuihn can be obtalnod from 
the dlfierahea be t ween the total nitrogan end the nitrogen nf the 
baset pndpltatad by pboqiliotungitlc add. It can aho be obtained 
dbectly by a Kjeldabl iwrimatlon on the filtrate from the phospho- 
tongstate predpltate. 

If the amlno-nltngen is esdmatad In this filtrate, the non-amlno- 
nltrogan la given by the dlfieranoe of the total monoamlno-add 
nitrogen and the amioo>nltrogen. The latter Is In most of the prots- 
nilnas proline nitrogen (of if hydniiyprollne Is also pro s an t, the nitrogen 
ofprolbe + bydroa^irellne). 

B. SEPARATION OP THE MONOAMINO-AaDS. 

The method described above gives a fraction containing the mono* 
amlno-adds, of which the nitrogen content is given by the value G 
(p. 9), Our knowlodgo of this fraction Is not so far advanced u that 
of the basic hydrolysis products. This is chiefly because there is 
usually only a small amount of material avallabls for Inveetigatbii, 
the wel^t of monoamlno-adds in the more protamines only 

amounting to oofr^uaiter of that of the basea. Also, the separation 
of the fflonoandno-adds is not so sharp as that of the basea, 

Koaael and Daldn (8a, 83) used the following method for a pro* 
Uminaiy separation : — 

■ (i) Extraction of the monoamino-add fraction with absolute ethyl 
alrohnl ; praline Is sohiblo. 

(a) Extraction of the residue with methyl alcohol: (e) amlnocaproic 
add, valhie and alanine are soluble, (h) tyrodim and serloe an insoluble, 

PtatHoH I contains beaides prollne small amounts ci other sub- 
stances, nMBe are separated by removing the alcohol and again 
extracting the dried reddue with absohitn alcohol. The operation la 
repeated several times until the reddue Is cmnpletely soluble in alcohol 
The alcohol Insoluble portions are combined with fiaction (3), The 
alcoholic sdution on evaporation gjvci crystals of f-proliiu, whkb 
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la chuBctariaad by Its meltliig-poiiit, coovatBloii Into the hydaotoln 
(Daldn, 9 o) or phaayllMcyQiiato oompound (E. Pliclier, 38) and 
olamontory onalyrie, 

Iha ^pnitliie origiiiellyprBait li pertly nuendad dnrinfiiia hydn^jFfh. 
/AoUiie fonne an ikobotnliible ooppa alt iriiiah Ota be ■apanted hm tbs 
oappa aeU d d, l^raUne w hi ch la ♦*»■>*’«* hi (90). RaHnB aa ake 

be pnilflad by inaaoa ol Hi weD^yatilllaad nwanarte ehlorida c p nnioDiirt 

(w- 


A oltoogen atimttlon on the alcobd-aoluble fraction glvea the 
proUne nitrogen.^ 

PrttHait a. — 'lyraalne la recognlaed by Mlllon'i reoctlon and Ita 
behaviour with dlaiobeoieiie au^ihoolc add (Pauly'B reaction). It 
eepantoa out fitmi the mixture Iq oharaetarlatle naedlee. 

Often only one of the remaining amlno-adde of fractlona an and ah 
li praent in the protamine. In auob caaee the aubatance la purified 
by recryatalllaatlon and Identified by olemeataiy analyBa. TUa 
method can aometimea be employed for a mixture of two amino- 
adds (83). 

If then la a largo amount of material, Emil Fhcher'a esterification 
method may be used. Mdting-polnta, rotatory power and the phenyl* 
laocyanate compounda may be used for chancterlaatlon. 

Up to the present tryptophan has only been detected In protamlnea 
by the colour reaction (Hopklos and Cole). Since It la destroyed by 
add hydrolyda, It can oxily be obtained by udng trypdn aa the 
hydrolytic agent, 

*BwMaa(laaliMii»ii< Uy i liniy| Wi U iiaaiid Ujplu pl M )aaaal»lw Hw a fwl aa 
tto *iMHMad]icHain«wi'*aftlianiiaHa«lao4eldhaaUaD(p,ie). 
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CHAFIZR m. 

mPABAnoif OP PBcwAimmt 

Snail la tlia moat oonvaolant matariil for tbo pcaparatlon of prota- 
mliiaa, bat aa thk^la lanty Bvaflabls In onffidont quantity tiia ript 
tnaddna ^ are gananlly ored For wwnlnarifm tUa matarial 

baa advantaga oyor moat awtinal oiguu % au^Moalon of hla* 
fningiKciiy imtfnm coUa con bo nadlty obtalnod from It If nnrlpe 
teadelaa on uaed, thla advantage la lort and the reaulta are liable to 
bevBiymlalandlng. bi the undpe organa the morphological pncunon 
of qMrm oocor, eonafatlng of tbe chemical praeunon of the protamlim 
A mlcraacoplc contrd of the material under Biandnatlnh la rooom< 
mended to enanre the ifpeneai of the taatldao and the homogeneity 
of the apecmotoBoa. In many caaea ripening doea not aet bi In all 
parti of the organ at the aame time. 


PrapantUoii of tlio Mttarlal for InveatlsatlaiL 

The flret atep la the laolation d tihe apermatoaoa from the taatidlea. 
The tartldea an put throu^ a ndndng machliie (If necemary, aevenl 
timea) and the ^py moae auapended In 4 or 5 vnlnmaa of water. 
In woridng op the taaridaa of the oarp and oloaely allied apedea a 
eohitlon of and him aulphate (10 parta of the cold aa hi rated eolntlon 
to go parb water) la uaed InatBad of water. The of the 

pulped teatidea la well ahahnn In a ■twWng.maelifaa and than worked 
awwigh a dove of coane fabric (mualln) or wire with die hdp ol a 
apatula. The milky Uquld la treated with dilate acetic add with con- 
atant atirilng until atrangly add to congo red; the tyeraiatoioa 
than aqiaratB aa an eaaHy filtecahle man. A lo^ excaaa of acetic 
add muat be avddod. Ihe acetic add pndpltatB la filtered throu^ 
a pleated paper, waohed with week ac^ ^d and eatraoted with 
aevenl lota of alcohol, firat at room temperature and then at the boilings 
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PREPARE 


pdaL The leit tneei of & 
evepecatloa of the ether a vhlti 
he pmerved la thb itatefbr B long 
ere now poalble. 

iMM I. (Kfiel, 77).— About lOO gnoie of the floor. 
ihBlcen for half on hour irlth 500 CtC. i per cent, lu^ihail 
flltered. The oitcaction of the reridne li repeated und a tc 
of the wlphnric add mrtrept no longer givee a doflnlte pi 
with alcohol The sEtiactkni muet be cttiled throogh In ooi. 
dnce on longer win tort with eiilplinilc odd the nucleic oold begU 
decompoer^ fonnlog produota erfalch ore trooblaome. The eolphunu 
BOidflDKtinet li prodpitoted with three Toloniee of elcohol and the pre* 
dpltatB| con il e tl iig of the protontlne coUectedi dlsoleed In 

a little hot water end lepiedpltated with oloohoL Tb predpltate 
obtained from zoo grama of the floury mom b dlmoitved fax about 
1^ Utree of hot water and allowed to oool, when a omoll part of the 
folphate eepamtee ee a yellow or brown olL The eupmatant liquid 
b aqroroted from the boat eoIoUe port of the protamine oulphatB^ 
evoporotad to a email eolnme end tnoefetred to a aeporatlng funnel 
to collect the main bulk of the olL Thue the mlddb fraodon of oil 
b the pureet 

Phrther purlfloation b effected by treating a worm o^preoue 
eolutlon of the protamine eulphato wiA oodlnm plcnte. The well' 
waibed predpltate b foeed fom pbtlc odd by eholdng with tohieno 
In the preoonce of an eoce m of eulpharlc odd end the protamine 
eulphate pzedpltatad from the eulphutlo odd eolntfon by oleoboL 
Thie alcohol predidtadon b repeated once mom. The copobhinry of 
the predpltate d^enda upon the oddity of the oolutlon ; if them b 
not luffident oold preeent, a turbid oduthm teoulte which con be 
by the cantloua addition of eulphozlc odd. If the pm* 
dpltote b etldcy, too much odd hae been added. In thb caae It muet 
be redbeohed In water and mpmdpltated with alcohol The protn- 
mine eulphate ahonld come down oa a pom white powder. Itbwoihed 
with dcohol and then with ether and dried In a dedocotor. The yield 
from ripe honing teitidee b fitom 15 to no per cent of the dried epenn 
moea 


WhMi bigBr qnantUlae em mrted np, akolial cu be Kved by ndndng 
11 m wdnme of the ea^hnrb add eotaeta by evaponthig dom on the voter 
betli, bet tbeae eitaaoia ontrin nwll emaairii of other esbeethaa wbleh eie 
et enoe l em umd by the •***«» pien I fl l attB ileenribnd obofe. XZmliig 
erapantioa tiieae aafartaaoei ore pertty d eo mipn a ii i l and ea n t Mili ie ta tbe 
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gwpumdop.* Hm nTphorto aeld mlmn fa an mtad np w ialloiM t Tbs 
ih arti m nanhaUwil wUb buTia ud af^mtad on tfaemte 
baUk The cfltiMdiw|iMmhiali partied by m—cftteplapriaaadewribed 

■bora. 

Mort protamins can ba pcaparad in a ■Imllar way. In tha caao 
of tho protamlna of caip ^Mnn, howo var, tha aulphata doea not 
■qiaiato aa an dL 

MtOui II. — 'TUa method la b a aed upon tba earlier communl* 
catkma of Sehmiedbatg (iS^« of Mattmob (las), and of Nelaon* 
Gerhardt (133). It dependa upon the fact that, on dlgeatlon vith 
CDpflc cbloridi^ tba nncMe ad^ are convert e d into Inaohible copper 
aalti, while the protamlnaa go into aolutlon. The latter an pradpi- 
tatad aa plcratea and theaa an converted into alcohol pndpitaUa 
adphataa by dlaaolvlng in dilute acetona and adding aulphuiie a^ 

The pncednn la aa foUowa ; 100 grama of the dried apaim (p. 19) 
on dlgeatod with a odutlon. of 100 grama of cuprlo chloride In a Utn 
of water i<a three daye in an incubator, tba mlztun bdng ahalren 
at Intervata, The pradpitata ia filtand off by auction, auapendad in 
' water and rafiltered three timea, and waahad uotQ the flltrata no longer 
ghrea on appradaUa pndpitato with concentrated aodium plcrate 
aolutlon. 

The combined filtrate and waahlngB ora treatad with a concentrated 
aodium plcrate aolutlon until the pradpitata flocryilatna and alnka 
rapidly. It la filtered off, waahad with very dUnte aodium plcrata and, 
wbHaatUlmoiat, dinolvedby gently wanninglnamlxturaof I voluma 
acetone and 3 volumaa water. The aolndon la filtered and treatad 
with half Ita voluma of alcohol j ao pw cent (by voluipe) aulphuric 
add k then added drop by drop and with oonatet atifrl^ until no 
further pradpitatB k formed. An ezceaB of sidphurlo add makea 
tba pndpltate oily and dkadvee it and muat ba avoided. Tbe 
pradpitata k filter^ off and treated with abaolute alcohol which 
makea it hard and friable. It k waahad by decantation aevenl timea 
with alcohol, then with ether and filtered, waabad with ether and 
dried in a dodccator. 

For further purification of the preparation ita raaktance to peptic 
dlgeatlan may bo uaed. A aolution of 10 grama of piDtamlne aulphata 
k dlgeated for 24 houti at 37* with about 350 c.c. water pnntwining 
(>•1 gram commercial pqwln and 0'5 gram hydrochlotle add. The 
dlgeated liquid k nentriJbnd with aoda and the prabamlne predpltated 



PREPARATION OF PROTAMINES n ' 

M plcnte^ nUeli li then ooovartod to mlphata. Thb ii ndtealvod 
and i Bp r e dpU n ta d In tho lolld lorm aa In Matbod I, 

Tho loooiid mothod of preparation li baaed apon eaperienoe gained 
irith aalmhia The fint method la preferred to the oopper method, 
although In certain oaaaa, for irith the aperm of the carp, It 

doea not give the 0II7 precipitate of protamine. In certain caaea 
protamine can be obtain^ by applying the oopper method after the 
iperm baa been estracted by the liint method. The porifioation by 
peptic dlgeation can aleo bo applied to a preparation obtnlnad 
MetbodL 



CHAFnER IV. 


vaasKsaoB Am coHPOBmoH or ibb FaoiAMiMBa 

Ab maatloflad bofon, tho protamliifli ira only found In the epenn of 
flih. The compoiltlan ud propertlai of the protimlnei of eey en t e an 
epedei, of which fifteen MO telaoitel, have been cmnlned. TheprotaF 
mlnee may be comlderad to originate ai a ■impHfiari n-anangement 
of the protein mdecnle^ irtdch takee place in different waye in the 
different qMdee. The peculiar pitiperly of all protaminei la their 
marked haile character. The baale protein unite predominate in the 
protamine molecule and axb ao linked ae to leave amlno-groupe free 
and reactive. In tiie different fidi, the three bade uolta, arginine, 
htatidina, and lydne an preaont In different amounta By thie meane 
the ptotamlnei an eailly claaalfied. In the firit group an Inclnded 
thotw protaminee in which ifiupUfiad protein niolwciile t»M 
rebnUt without the Indudon of either histidine or lydne ; arshine 
la thus the only bade unit pneant 

The aeoond group la charartnriaed by the presence of two baaea. 
Since— ao far aa onr preaent knowledge goes— then le no protamine 
wfaldi dom not contain arginine^ the aecond bade unit la dtber 
KtBri«n«in Of lydne. 

The third group all three baaea. 

Fbrtber aubdivialona can be made by taking Into account tho 
molecular proportlano In which the unlta an combined In the pntap 
mlnoL T^ general Idea la Indicated by the foUowing lUuatntlonB. 
Arginine la denoted by ■, hlatldlne by h, lyalne by 1, the aum of tho 
mnnoamlnn-acid moleculea by m, and the relidve amounla of the 
Indivldnal molecnlm by a number eppended to tho letter. Thua, the 
formula a^n abonld Indicate that then b mwnnatfiinn . flpiii molo- 
cub to two erglnlne molecube and (ahl)^ that arginine^ hbtldlnn, 
nt>rf lydne an contained in the mol cc ^^** anH -that the 

nitrogen of the moonamhuHadds amounta to half of the total bade 
nitrogen. The quantitative rdatiooa of the bases amnngit thom- 
eelveB b not taken Into eccount. 
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PROPERTIES AND dQMPOSfTION OF PROTAMINES »3 


. The protuDlnei ate the familial maoibeii of a pn ig r — ly e aeriae 
uhldi itretchoi from the Epical protaba throu^ the hlatoaaa to tba 
pnrtamtnaa. Iha Uitonaa, doaaly cdatad to the typical protalna, an 
fonnad In the apanu of aoma famlllea of fiah, while in that of othm 
an found the w^y dlfihnnt prafiamlnoi. It b thoa only to be an* 
pactad that Intannedlate atagoa betwen the hbtonea and pfotamlnaa 
wQlba found In yet other bmlllaa or qiecbh. Thbb actually tba caaa. 
Baalc pntaliia, idioaa poaldon In the ayitam haa not yet bra clearly 
artahUahad ham bean obtained. Thaae an rilaniiaaad at tlia and of 


the duster. 

Since the protamlnaa an tranafonnatkin produeta of high mole- 
cular wd^t ot the typical pmtelna, a rimpla and daflnlta atructun 
cannot be ghen to them. The agneoiont with tha foinulB gfoen b 
In many caaea not clone, Thb b partly due to tha methodn of purl-' 


fioatlon not having yet bra aufSolafitly dayelopad, and pardy to the 
gnat (UfBculty of preparing an adequate qiratity of raw matarlaL 
hi a later ohi^ptar It win be abown that tto convBidoa of tha 
orlgliial neutral or add pntaloa Into bade derivativeB can proceed In 
twodliectlono. Bydovelcpmentlnonadlrectlonprotamlnananformad 
In which the bade natun b due to the free amlno-gronp of guanidine. 
The protamlnaa of the nalmlne group on the final product! of thb 
aatlaa. In another dlreotlan tha oonveidon of the original proteloa 
p n c e e da ao that at leaat one of the two amino groupa of lydne b 
developed aa the amino group determining the • of the whole 

mnlai-iil*, Thb b the caaa In tba protamlnaa of the qiam of the carp 
aiul related apedea. Thb Important point b not eipieaaed In tlm 
folhndng ■eliwnifl which only conaldaia tha neulta of cbemlcd analynea. 

The namaa naed In the following table and abo In the text an only 
Inteodad to *"d*”»** the origin of the prutunlnaa and do not Indi cate 
any Identity with other pntamhuw. 


CLASSIFICATION OP THB PROTAKINBS. 

L MonopratunliiM. 

Thaae contain arginine aa the only baaki conatltuant 

(a) Ftan Sun-oaoup, to 
" .SaladM ISraap." 

Saimtnn^ corogoolna, trnttlnai, oahrallne, dnpelne, actombrina, 
aaodne, aldniigln^ tfaynnlna, ancylodlne. 



*4 


TUB PROTAMINES AND HISTONES 


(() Smomd Sdb-qmd?, uir 

Cyclopterlna. 


XL Dlproteninea. 

Tlien contain two bwric eoandtaieati. 

(«) Fkm SoB-OROUP. 

Afgfarina md bhridlna m bM C i . 

" Pardos Qrat^ " (ah)^ 

(i) Sbcomd SoB-anou?, 

Argloino nod tyilno M bsM. 

'*CyprMiu Groitp** 

CranOflbilna, cjprlnlna, battdne. 

m. TrlpratBinliie. 

Tbcw ifginlno, hlntiiHno, and lyiina. 

^•Simiiis** (aUQym. 

The prop ort lan pf moao a i n liio-ackk hoi io far only boaa aacortalnod 
In a fow ciMi (mo wdmlno and cbpalnB). 

The following on now known n general propertleB of all 
protamlnea; — 

(i) An alkaline naedon In aqneoia aobtlon. 

(l) Fonnation of aalti : the aalta of thoae adds which form pre- 
dpttite with proteins (e.g. ferrocyanlc, pboaphotunptlc, and plcrle 
addi) an genorally eporlngljr eoluhle. 

(3) Fonnatlaa of compoundi with addea and ealta of heavy metalo. 
Of the copper compound which gtvea rlee to the blunt reaction 
b eepndally Important 

(4) Saloguchl'e (153) reaction with aodlum hydroxide, o-nophthd, 
and aodlum -hypochlorite. 

(5) Colour noctlon with trlkatoliydrindenehydrate (nlnhydrln 
reaction). 

(d) Collddal character of the oqueoue sdlutlooa. 

(7) Lmvocotntlon of protamine nlti In aqueoue solution. 

(8) Hydrolyds by tiypdn and nebtance to pepiln and erepdn. 
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1. Moaoprotuiiloea. 

SuB^aoop lA : “ ■ S' afc ifa# Group “ (a^ — 

SALMINB. 

Salinfrir tnu fband in tha ripe ep et ui of the Rhine ■almon (Sabno 
Mler) by MlaMhar (137) and Invoirigated by Mleecfaer (i 37 ),Plceard> 
(143), Kowei (81, 8Q, Daldn (83, 83), and by Goto (4Q. 

A nibatance very probably Identic with ahnlne waa laolated from 
CaUfondan (Oncorhynehua Ibehawytaeha) by Taylor and 

analyaad by Um and by Koaad (lOO). A dintlar body waa found by 
foaael (100) In the teatlclaa ei another Salmoolda, Coragonua aOma 
(Amerlcu " Wbltafiah and by Kovel and Staudt (lot^ In Cere- 
gonua toacfophthalmua (Nflaalln) nf 

The Identity of with the protamine " aalvellna ” prepared by 

Kovel (100) from tho apeim of Salvellnaa (Crlatovomer) Namaycuah 
(Amerioan " Lake Trout ") la atfll doubtfiiL Nor la there yet any 
reliable evidence that tha protamine "Eaodne'* (lOO) ooourrlng In 
the aparm of the pike la Idvrivl with ■ptmtna nio arglnlna content 
of both aahrellne and eaodne la the aame u that of aahnlnn, but the 
apedfie rotatlona are cUSarant. 

sintMi Mleacher'a early analyav there have been nuuy attempta 
to find out the formula of ■aifwinw Both the platlnlchloilde and the 
aulphate have been employed, Mleacher (lay) fiiit pot forward the 
formula CuHnN^i; Sdimledbeiig (lap) euggvted CuH»N/)i; Koeael 
(yy) gave the formula CMH„NtyO|. Goto'a aiudyav alao fitted In 
wl^ thev fonnuhs. Later, K ovel and Daldn'a (83) hrvestigBtlona 
on the hydrolyiln producte ahowed that the mnlwculaf formula muat 
be much higher. They gave the following valuv for the p roportional 
amounta of tho hydrotyala product! of vimlnw : — 


Aiglntofl ultnifBP 

. 8o>» 

flaitiMi attffigHn e a • • 

. s-es 

Anibiofilirio tirid • 

I'OS 

- *a 

jnmiDB * • • • 

. 4'S 

Xjom 



Varloua molecular proportlooa can be calculated from thev valuv 
which are In agreement with thov of Piccard, Goto, and otbera. For 
wwnpifl, the valuv would coneapond with 10 moleeulv arglnhie, 
3 mniV iil— lerine, a moleeulv prollne, and i molecule amlnovalalc 
add, which would give a formula end a molecular 

fri ght of at leaat 3035. The valuv would abo fit the formula 
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(CMl^iaM^a)k wfaloh would comqNmd to la mnlnwitoi ughilii^ 
a molacdaa i moloeula wnliiovRlorlc uid, and 3 molamilni 

p mtlniL 

Tiylor BOfllyfled the ulmhift obtained from Oncoilqrnelius In the 
Mme way and eiilved at the formula He loggerted 

that the mdeeule ramtalned la molecnlna aigbln^ 3 mnlncnlw earine, 
I molecnle omlnovalaile aold, and a moiaaalm proUne (18a). 

Hm dlffioulty of completdy hydrolyiliig luch oomplos anhatanpea 
xnahm It Impoiafble to diatliigalah be t w een the pnwihle fonnula by 
the preaeot aaalytkal methoda. 

Aa the free bue, aaiinlne haa been Utda Inveatlgated. 

Saka/at iSH^pjbitk— Thla aalt baa bean prqMrad by the methoda 
deaoribed above (p. 18 afaif.). 100 parta of water at room temperaton 
dlM^ I'ay parta of the aalt It la more aoluhle In the pieaaoce of 
eaeeaa of auljduulo add (yy). It la eaeOy aofaible In hot water from 
which It aqiaratea on oooHng aa a coIourieBB oil If thoaolutlon la auffl- 
dendy ooncentrated. 

A dlght turbidity la produced If 5*3 e.e, of aaturated ammonium 
aolphate are added to a mixture of a c.& of a 3 per cent, aolutlon of 
aalffllne aulphate and 3*5 ae. of water. The preolpitatlon of the oU 
la complote if y*5 ae. of aaturated ammonium aulphate la added to 
3*5 Q.a of t|m aalmlne aulphate aohitlon (Goto, 48). 

Ether, or a few dropa of alnohnl or acetone, andata the aeparation 
of the olL In the iveaeace of laife amounta of alc o hol the aulphate 
cornea down u a powder, 

Ihe nfraodve Index of the oil prodpitated from the abhitioa la 
*• 44 ® ( 77 ). 

The apedfierotadon of aalmlne aulphate la [aj, hi^py" (KoohI, 
yy). The —l^llna (congonlne) from CoreBonoa macrophthahnua had 
[a], M — 81*05* (Koe^ and Staudt). In the preaenea of 

dilute aulphnrle odd tho apedfic rotation dlmlnlahea even at room 
temperature. Thla la obvioualy due to hydrolyala. 

Sabaiaa HydnddoHia ia readily adnble In water and can be pre- 
dpltated aa an oil from a hydrochloric add extract of dried qmtm by 
additio n of aodlum chloride. 

Sakaiaa CmhaaMk la alao readily aoluble. 

.ShMw PfalMciUMda-— Thla aalt la eapedally aultable for analyala. 
It can bo prepared by adding the requlalte amount of barium chloride 
(avoiding an excem) to a aoludon of the aul p hate and evaporating the 

Gnrrflov^ vtlMi (loc^ te »Vw**** md ottur pcotufaMt m dMIi l ly 
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gohitloa of the hydnebloilde iHikh mint not contain ■n.oiuH of • 
add. 71 ie nddue la dlmolved in methyl alcohol with the additicm 
of a drop of eonoenttated hydroohlofie oold and predpltated with 
ether. The pndpltate ia ndlaaofved In methyl alcohol and npro- 
dpltated idth ethtf three timea. The predpltate of hydrochloride la 
completely dlaaohred In dry metfa^ alcohol and a dilute freahly pro* 
pared eotutlon of platinlo chloride In dry methyl alcohol added with 
oonatant atbriog. The phrinnm aalt la pndpltated aa a powder. 
The liquid la decanted off and a little moo methyl alcoholic pladnlc 
obleride added ; after atandlng a day the predpltatB la filtered off, 
waahed with methyl alcohol and ether and dried laa dealccator. Thla 
method (Goto, ^8) haa advantagea over the eariler one of Iffleacher 
and Flcc^ In which the aalt waa predpltated from aqueona aolntlon. 

Analyaea of the aalt by Flecard and Goto oetieQMuided with the 
formula C 4 E]a|N|fO« . i|HCl . aPtOf^ vridch, aa atated above^ cannot 
be regarded aa the true empirical formula (rf eahnlnn. 

5WMm Nttdsattj—Tba aalt-Uke eonqiound found by hneaduif In 
the apeim of the aalmon la eapedally Intereatlng pfaydologically. 
Acooidlng to Mleacfaer there are 55*56 parta of protandne to 60*50 
parta by weight of nucldo add In the he^ ci the apennatnoa after 
flsfaauatlve entiaotlon with alcohol and ether, and thla ahould repreaant 
the compodrion of a " neutral protandne nucleate.** Thoae numbeca 
depend upon the formula which la uaed aa the baela of the cal cul ati on . 
Burlan (14A) aelected another formula and arrived at the numbera 
59*83 per cant nodele add and 35*30 per cent protamine. In hla 
eariy Inveatigadooe Mleacher made the Important obaervation that an 
aqueoue aolntion of nucldo add gave a predpltate with aalmlne which la 
yety dmiittj* to the aalt-lUcB compound of the two aubatnnem preaent 
In the apermatoioa heada. Thla compound with dupdne waa later 
further wnmiiwaH by Steudel (aee below). 

OAtr Stilt . — Salmlne aalta are predpltated from add aolution by 
phoaphotungatic add, tungrtlc add, picric add, fiavlanle add, chromic 
add, bydroferrocyanlc add, and tbeotber protein predpltnnta. Silver 
nitrate and form oompoundi with aalmlne aalta which are 

not decompoaed by eicem of baryta, and In thla reapect leaemble the 
ftnmpnriiti/fa of at^nlno and hktidlne uaed for quantitative analyala. 
The mercury and cuprooa cempounda are very aparingly aoluble or 
Inaolubla (5). A mlt of the latter la predpitatad, If a aolution of aalmlne 
ri^pha** la treated with copper ""ip^**** and andium blaulphite. If 
copper hydroodde li added to a aolution of the free baaa, the metal 
hy d r e a dde dlanlvei with the formation of a violet colour (cf. dupdne). 
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wbk TypUd Prdtiiu, — H an ammoniacal aohition tl 
]a iddod to a protein aolntlan, a compound of the protein 
erlth mlmlne li pred^tated (Kcawl, 7(Q. Thli reaction can be 
obaarred with mod piotamlnaa and hn bean iwamlnad In more 
detail In the caae of clupdna. 

fialmtwa Ib pradpltatad with hy drof er ro cy an lc add. This reagent 
BoparatBB erode clnpeliie and crude cypilnina Into aevaral fractloiii, but 
irlth Mlmlnw It gtrea a aln^ predpltata ^Sohanek, i54a). 

Aa prarlonaly mwitlened, pmtamhim have been found In the 
apann of other Salnwmldetwfai^ can be conalderedae Identical with the 
aahnlne from Rhine ealmon, while than are othara whoae Identity 
with aalmlne la adO doubtful. Among the former la the aubatanoe 
from Coragonua maerophthalmua which haa bean ahown to have the 
aame eontant of arginine and the aaaie apodfle rotation (p. ad), 
probably alao the protamine from Onaorfayuohua Tkehawytadia, and 
from Thitta fario. Among the lattar are the Utthhknown aubitiucaa 
from Cnegcnna albna and SahraUnna (Crfatovomer) Namaycuab. 

The percantaga (d arginine nitrogen la u foUowa : — 




L 

Ha 






Thi^ar, ibo8 fiBa). 
Trraaal. 1013 (ice).' 
Kcaaol ud Btaiidt; 
igaO (100), 

a. Cnnwriiinalbiia 

— 

*7*3 

gM 

— 

3. H meaniiilitiialnnB . 


09*37 

4. Sdfdliiai Nameyenah 

— 

884) 


Kiiaul, ibis (ioo). 
Fnaaol and Giino^ 

5. aatano Salar 

SB'S 


— 

fl.Thitlafido 

— 

88-14 

gi-oZ 



The figurea of (3), (5}, and (6) ware determined by tho flavianlo 
add mdhod, the teat by the olte aUvar-baryta proceaa. (5) waa 
hydrdyaed with hydrochloric add. In j, thn total nitrogen 

waa dwla n ii tne d removal of the aulphutlc add (A, p. d), and In 
enhunn IL apar removal of aul^iluitlc add (B, p. (Q. 

CLUPBINB. 

Qopalne haa ao far been found only In the apenn of the herilng, 
and haa been more eztanalvely than any of the other prota- 

mlnaa alnea the raw motarlal la the moat aeceadble. The dupdne 
flrit prepared by Kopd from the taaticlea of the henlng'^m otigliudly 
regarded aa Identical with ■gimtnf qq account of analyela of tho 
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tulpha t o, the loIiibUltj, the tpedflo lotatlon lod 
letar It vu pnived that thm tiro protamliiei 
molt roncludve proof irw the of e unit In du 

not preMot In Hlnilne ; thli li elenliiB (Koael and Daldn, 83). Acootdf 
ing to Wdih a cher the two «ibete n ceibehn?e'diffhwiti7 towa r d ! dfaneth^ 
eulphatei Fdihaflhw — **«"•*■<< how many med^ groopa cotnHnnd 
with each 100 atama of dtrogen when variooa ptotaina wen treated 

wwlionariaiily Hlmni-tiyl »ntpK«>w In alfcaltim ■nlnrtrtn Hofoond 

that the ta^ N : CHa In dhipdne aiilphate waa 100 : 24-4, In aalmlne 
anlphate from Rhine — 100:9% and from Onooriiynehiia 
106:8^ (as). 

Fhnn hU analyda of <*«p"*"* anlphate Koaael rtalculatwd the 
formula CaaHnNifOa (77), wfaldi agraea with Plocard'a analyda of 
aalmlne. On (he baala of hb anatyda of the platinum aalt Goto pat 
forward the formula CgaHial^iOii wfakh, of cootie, Uke all formulB 
for jRotamlnea, only re pr eae n la the afanplaat norpremlon of the com* 
poaltion. Goto not only connhided from hla analyioa that aalmlne 
and clopelne were dlffanot but alao obtained vahica which cait 
doubt upon the homogeneity of the chipelne preparation. Goto baaed 
hla doubt on the fact that be found diffacenGea In the ratio.of carbon 
to nitrogen In the platinum ealt and copper aalt of ohipelnei Thla 
li ahown by the foDotrlng oaluea i — 


In ctaptine wIphatB (Kami) 
la olupdiia ooppor nliifaBte (Goto) 
In otnpelne platinloUaride ^leto) . 
In mlmlnw platInIchlorklB (Goto) . 




I’St 

■•Sx 

*•35 


Inveatigationa by Koaael and Sohenok led to the nme reaulL 
It appeared that the dnpelne nilphate prepared by the above me t h od 
wmitdlnatt eovecal protamlnea, which could be eaparated by predplta* 
don with hydfofetzooyanle add and inlphoaalloyUc add and by tbe 
aohibOlty of tbdr plnatea In acebme. The valuea for the arginine 
nitrogen ^ ^ percentage of the total nitrogen were ai 

follow! : — 


motions 
•Fnotian 3 
motion 0 




L • n. 

. 77 .S 4 . 8*-35 

gx.48 ss-sB . 

. 88>il ■ 94'S0 

88-01 9i'n 
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Cohunn L la oakolatod from tha total oltngoa datannlnad bafbn 
removal d aulphoilo add asd column IL after removal of the eul* 
phuile add idth baryta (p. (Q. The data for dupdne therefore 
laobably mainly lefar to a mlature of theee fracdona* 

Hydtolyda of dnpdne baa ahown the p r eae oc e of alanine (63), 
aerine (Sa), an amlnovaleric add (79), and proUne (83), aa mil as 
argblne. The relative proportkoa of the nltrogea of ai|lnine, of 
aloohd-aohibla aubatanoe, and of the amlno-add 

mfactnie are appradmatdy the aame aa thoae of oalmbsi Tlievalum 
foond for mlwn arldn ippniilmate to a mixture of 3 
amlnovaleric add, i molncole onlnB, and i molecule of beddea 
praline (83). 

KIHiighm foond that i gram of dry dnpelne bad a calnrlflc value 
of 3637 oaloclea (3Qa). 

CiHptbu can (Stained aa tbe free base by tieatlag the aqueous 
solution of tbe sulphate with baiybt He alkalinity of free dupdne 
la aa gnat aa the aigfailne cnntahiaH in It, La, for every nine nitrogen 
atoms hi dupdns two repreaent one basic equivalent. 

ClapdM SulphaU la very similar to sulphate. It 

aH^Qi to seventeen atoms of nitrogen. It Is sadly soluble In hot 
mtar and sepontaa from the solution on coding os a dear colonrisas 
dL The data for the aolubtllty In edd water do not agree owing to 
in su fli deot attention being paid to -the tempenturo. The oil pro* 
dpltated at room temperoton about 50 per cent of water, 

has a refractive Index i'4430 (7(^i>439 according to Kniajoff (iio^ 
and becomes tmUd on coding sfoeedn^sqMrate. If It la allowed to 
dry, on amorphoua easily powdered reddue Is obtained. If clupelne 
edphate la dlmolved In hot water and the oU, which sepaiatea at ordin- 
ary temperature, removed, the resdtlng aolntlon i^ap por 

cent dupelne sulphate acroidlng to Knrajeff I’ta per cant Thus, 
at room temperature dupelne sulphate la stable In 6a to 77 parln of 
water, It la predpltatad from this adutlon, like ■nimtn" in tlu solid 
form by large quanddeo of akohd and aa on oil by a Iltdo alcohd, 
acetone or sodium chloride. 

Koaad glvm the qMdflo ratadon of dupelne edphate os 
[a]s — — 83'07^, Kutajeff (no) as Waldadunldt- 

Ldts, SddffiiBr, and GrasaniHnn (193) as [a]| — — 84". 

1 It mm to boBM In adad ttst tfcs omAoiI of papaattoa at Uw miphsti 
wlM abon dm a ftwS l i— Mm Mam tha ^l ari a dy aolnlila u mD aa tha neat 
aataUa part of fta oD M aapaialWI aad mlp tha aUdla fraoMoa la md te 
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Goto pnpand a duptim t»pp«r nlfktlt by bolUog a lohitloa of 
dopfllne wilphatB iHth copper hydnnlde and pndpltatiiig the eon- 
caabatad vlolat aolatioa by add^ aleohol. The idt tboa obtained 
contained little copper. Violet eompounde rich In copper an formed 
If a nlutloa of the free protamine la boiled vlth copper liydrailde. 
Them eompounde belong to the dam of the complar aalta which are 
produced In the biuret reactloa wlEh^pntelna (4^. 

T%» Hy in d UarUtf Cartanart, ami Nltnato of ohipelne are readily 
In water. The hydrochloride la nrtractnd from the dried 
aperm and oan be precipitated aa an oil from tUa aohdon by aalt. 
The hydrochloride dUEoaea throu^ parchment paper, but the aulphate 
doea not Goto prepared duptins pUHntMarUs by the method 
deacribed for aalmlne (p. ad) and found that the almplaat eap rea al on 
of the analytiGal naolta waa Ca«Elial^O|, 4HCI, aPtCli. Knrajtf 
found that rhmeiate contained aHgCKIi for every aoventeen 

atome of nitrogen (110). 

Qupelne aalta give predpltatea with the reagenta mentioned fdr 
aalmlpe. The compounda with allver, mercury, and copper faydrozlde 
are abo very sparingly aoluble. 

Sparingly aohible aalln cd ohipelne with organlo adda have been 
prepared and anafyeed by Steudal and hla coUeboratora. Steudeland 
Felw i(i77A) ahowed th^ clupdne-eoalnn contained 59^1 per cent 
eoalne and 40*19 par cent dnpetne ; analyaea by Mandal and Steodal 
(zsia) ahoimd dhipelna-gennanlne of 56.38 pv cent 

germanlne and 4374 per cent dupalne. 

Tie Cempamit of Ckiptkf vAh NueUe AM are of apeolal 
Intereat Steudel and Falaor (177A) found 53*33 per cent gDui^ 
add and 4d*d7 per cent dupelne In the guanyUc add aalt, and 
61*13 (Mr cent yeaat*iiuclalc add, and 38*85 per cent dupelne In 
the ycaat-nudde add adt If aodium thymonudeata, the aodlum 
aalt of the add from fiah aperm, la added to a ad u tlan of do* 
peine aulphate, a preolpltate of dupelne nudeate la formed Juat 
aa with — U the two componanta of thla aalt are added 
In equivalent quantltlea, the predpltate oonalata d a neutral aalt 
of dupelne and nudde add. Sten^'a analyala of thla aalt gave the 
ratio of pboaphorua to nitrogen ae 1 : 3 * 4 li. Tbo woric of Mlemho r 
(zap) on ealmon and of Mathewi (za4), and Steudd {172, Z73, Z74] on 
herring ehowed that the epetm heads of there flih after cstractlon 
with wator, alcohol, and odier conalitod almoet entirely of pretamlno 
nudea t o. Stauddfoundforthaepermhoadathomdo F: N«z : 3*237, 
which doaely agreee with the value obtained from the artlfidaUy 
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pcepand Mlb The c o mpoddon of the epenn hewU (after drying 
and artracHoP with aleo^ and ether) la aocordingly 73-5 per cent 
thymonuclelc add and ad*] per cant dupelne. Lynch (isia) found 
about 70 per cent nucleic add and 30 per cant coregonlne la Coregonna 
olbaa and gave CnHutN|40rt(CuHB)^(P40^ aa the probable formula 
of the " chrumotin '* of the operm head. The chenilral oonodtoenta 
are thua built up b the Uylng organ b the aame proportlooa u When 
they are obtained by oombblng artificially nucleb add and protambe. 
But thla almilarlty b compodtbn doea not enlude the preaance b 
the Ihdng organ of molecular aggngotaa which are abaent b the arti- 
ficial product With refdrance to thia pobt Steudd compared bla 
dupelne middo add with the aperm heada of the herring. E^etencaa 
were found b the extent of awoDbg, b pobrlmetrlc behaviour and 
b vlooodty, ThoH obaervatiooa indicate that b the operm heada, 
diaaolved b oodhim faydnodde, a ooitab btar-mdecular atructure ia 
retained which dloappeara on prolonged action of tiie r e ag ent 

The calorific value of dupdne nucleate b the qxirm heada b Juat 
aa great aa that of the artificial product Lb, one gram of nucleate 
givea 4400 calorlea. TUa number agreea with the cabrlflc value of a 
mixture of the two componenta b the proportiona by the 

anolyiaa (Ellbgfaaua, 3QA). 

Compoonda of dupebe with the higher ptotelne are ftemed aa 
piedpItBtaa when pr ote b e are added to an aqueoua oolution of 
dupdne under ■nitnhiw conditinna. Ihe formation of theoe pre* 
dpltatea waa fiiat obaerved by Koaad (75) and then examined by 
Hunter (dj)) and Beth afUgglu(i 18). Thoae predpltateo are formed 
with caash, egg albumfa, hemidaatb, gelatin, edmtb, haamogbbb, 
and heteroalbumoee but not with ebatin pqitone^ deuteroolbumoae, 
and Uatopeptone ; nor can they be formed with a oerieo of poly- 
peptideo. The two bat-named authori tried to find the p r o p orthme 
b which the cooatituento were comb b ed. In each caae it h^ to be 
decided whether a chemical compound of the two protdna waa formed 
or whether the |xocam waa one of obaorption. According to B. of 
Uaiteltbveryprobabb that, with dnpebo-hnnogbbb anddupeine- 
raadn, compound of definite oompodtion are formed. 100 parte of 
the compoinid oontab 95 parte of hcmogbbb and 5 parte cbpelne^ 
If ouffident or an exceoa of Kgmogbbb b odded for the quantitative 
predpitatbn o£ the dupdne. If, however, dupoino b in exceoa, a 
precipitate with a greater protamine content b obtained. B.afUgglea 
obtained alinllar values with caaein, white Hunter found the dupdne 
'nitrogen to be 40 per cent, of the total nitrogen which coireaponda to 
a compodtioo of about 75 parte caoeb to 35 parte dupebe. 
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The cliipelnB pntelii eon^iouiuli in ninat csms are oily fonned If 
the frab base clupeine li iihM to the protein ; but with Gsaeln the 
compound ie fonned if the two componenti m ealta aiW in 

nautzal aolution. The compoundi an d e compoeed by pepaln-HC 4 
the non*baale protein being hydrolyeed by t^ ensyme, while the 
dupeina remaina iinaltar.lfi>d, and can be obtained from the aolution 
in pure condition by meaoa of aodium plcrate. Hunter om of 
thla bdiadour for the quantitativa eatimatlon of 
in the compound. 


SCOICBRINB. 

Scombilne waa fliat prepared by Knnjeff (no) from the taatlclea 
of the mackerel (Scomber acombei) of the Baltic Sea by the methoda 
deacribed above (p. i8). By anal^ of the aulpbate and chromate 
he aiiived at the formula whilat Goto (48) by analya- 

Ing the platintim nit found valuea comaponding to the formula 

C.A.IWV 

Bealdea arginine only praline and "lawin* (85) have been found 

among the hydrolyila producta, but it ia probable thgt a third mono* 

amino-add occompanlea alanine in the alcohol InaoluUe part of the 

monoamlno-add fraction. The quantitative relatione ore nfoUowit— 

Frantnaal 

TbtolWllirwi. 


Aighilne 8 M 

In ■loafaOMiiaahitala (elaninw + unknown enbetnaoe) M 

In akahofreohibla (praline) 5<8 

Lorn o 4 


Thw ■htmf j i of mrlno fWatlwgiihhM frwtn —Imlfi* q ntl rliipwInA. 

A further dlfierence la acombrlne the conditio**# emploired 
by Edlhacher doea not methylate with dimethyl aulphatp (35). 

SctwAHtit Su^kalt aeaxctfy dlffera in propertiea from tto aulphatea 
of the piotamlnea already de^bed. Accmdlng to KuraJeS it con- 
tabu sH^Qi to 16 N. He atatea that the liquid left after the eepora- 
tion of the oU at room temperature e«***nl*« a-a par cent, of acombrlne 
Bulphate^ l.e. i part aulphote dlmolvea in 45*5 parta of water. The 
refractive Index of the dl la 1-436 and the apedfic rotation of the eul- 
phate in oquooua eblution la [a]p n — yi>8i*. 

Data for the hydrochlorldo an not available^ but dm platinum aalt 
waa analyeed by Goto (48) giving the formula — 

C;aHfeNuO|.4Ha.3FtCl4- 

Kurajoff found that the chromate contained aH^(}t04 to 16 N. 

3 
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B80C1NB. 

Biodfio im fint obtainad from the tMtldoi of the pike by Hunfeer 
(dp) and later by KoomI (ioo). It does not differ In pnpertlea fnnn 
the pntamlnei k the — groq). It contained 86*3 per cent, cf 
irgfadne nltngan. 


TBYNNINB. 

So far only one compound containing tyrodne haa been found 
nfiwmg tijg pfotooilneB of thC — gfOUp, ‘Dill Ic 
(Foadbly ako the lltd^knoim nlphllnn) 

Thynnlne li preeent In the ripe taitlelei of the tunnqr fi>h (Thynnua 
Thynnoi). The baelo protein b theae organa waa fint dea^bod by 
Ulpbnl (i8p) and later by Deanl (aa). Ulplanl pr e p ared the com* 
pound b ipoa by entractba of the teatklea and p^pltatlon of the 
aolidiato aa oU by alcdid acoordbg to Koaael'a method. He modified 
the method, hoiraver, by precipitating the baae with ammonia duifog 
the prooeea. Pfom andyaea of the aulphate, carbonate^ molybdatn, 
and tungrtate he obtained the foUowbg formulae : — 

C«HiuN^,(SOJa.4HdO. 

ChHu.N|,0,(GO.).. isH/}. 

CmHu.N«0,(Mo^.i)«. isH^O. 

He aeparated argbbe from the h y dr dly el a producto and abowed 
that there waa yet another baae which waa not further chaiactwriaod. 
He came to the conduilaa that the compound prepared from the aperm 
of the tunney fiah ahould be rlnmnd with the hlatonea although It 
ahowed aevenl earbtlona from the type. 

Demnl (1906) found »!<■*<«<<«« and lyabe among the hydrolyeb 
prodocti beridea argbbe. He alao found ammonia. 

According to Fnaiel (lOO) the ape r m of the tunney fiah con talon a 
protamb^ thynnbe, ^*in«gi«g to the — group. The compoel- 
tlon la u foQowa : — 



Aiglnlna 


lyiafae b ■taere 



u*o 

o« 
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From Dlplul'i data timre ii no doubt that tho compound pnpand 
by him la Idontlcal with thynnino. 

ANCYLODINB. 

This ptotamlno waa pnpand by Staudt from the tmtklfli of 
Sagonlchthyi aooj^odon (Sooth Amoica). 

The Bulphate li aparln^ ■olublo In cold watar at nootnd naotlon 
and Boponitai from the iupotaatuntod aolntlon aa an oU. Two 
eatfanationa gavo the arginine oltrogmi na 77*67 and 74*66 per cent. 
(Gale IL, p. la). 

The Nation givea a blunt and ^^t'**^* reaction, but xio eoloor 
with IflUen'a nagant, dlaaobennneaulphonlo add, or Hopldne and 
Cole'a tryptophan nagant Fnoipltatai am fanned with potaadum 
famcyanlda and acetic add, aulphnalicyllo odd, plcrlo add, end with 
ammonlacal ^tta’a pqptone eolutdon. The antatance k tharofon 
regarded aa a member of the aelmlne group, but contalna lorn arginine 
than k eipw aad by dm formula 


SuB-oaouF la (ani^. 

CYCLOPTBRINB. 

At p n ae n t only one member of thk group k known — cydopteilneb 
It waa drat peeped hyMbrimwln (131) from the teatlclea of Cydop* 
tarua Inmpua (fmm the Baltic Sea). Hk onalyak of the anlph a te ga;ve 
43 per cent C, 6*73 per cent H, 33*37 pv cent N, 8*10 per cent S, 
and the compound pomeeaed the propertlei of the protnmlnna. 

Kond and Kntacher (80) enmiDed the bydnityda produeta and 
found h— 



Ai|IiiIiibN 677 

IfnwnamliMi— iJil W 

Tyndae In ebevo •*> 

The large amount of tyradne (mon than 8 per cent by wdght) 
k ramathable, oloo the hl^ nlue for nitrogeiuiui aubatancea abaoibed 
on the borhim anlphate pndpltate, and the oppeorance of a tryptic 
piiaw (HopUna Cole) reaction. The anafyaea wen performed 
idth a Hintt ed amount of material ni]ulm Hm 

aupply of material, however, k governed by chance. 

B* 
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n. Dlprotunlnea. 

Stjb-oroup IIa 
PBRCINB. 

Patcliu^ ^ only mambor of thli aub-group, hai oo for only boon 
blind in two apadni of tho pflreb— Farca flgvwwwna (" yallow pandi '*) 
and StiioBtodlum vltnum (“ pika perch ") — both from North Amarica. 
The prepantloaa annlyaad by Koaael only dlfldred In pro pe rtl aa from 
thoao alreody daacrlbed in giving rancdona chnnctafiatle of hladdina. 
The analyaea gRva : — 


AqjMna N 78<z 

mUfauN 54 

UauBmlDO » 9 * 


Sim*oto0P IIb. 


DjffirMiu Group. 

CRBNILABRINB. 

The cooipoaltlon of cnnllabrlna from Oenllabnin Fovo (Uadi* 
taRBnean) ia only knoim In zdui^ detail According to Kocaal (94) 
It appranlinatci to the fbnnnla tlnii which can be derived fanh die 
f dlowing apalyeia ; — 


lyaine 

MmaamiiKHulda aj>i 


The arginine nitrogen waa determined by KJddalil'a method. 
The amount of lyrina waa too for weighing aa plcratn could 
only bo detannlned by a nitrogen eatfanatlon. In Ita general propertiea 
oenllabrine does not differ from the other protamlnea. 


CYPRININB 
(Flrom (^prlnua Carplo.) 

The iperm of the carp (and Ita neaieat reladonk) contnlna producb 
of a change which procaeda along two Hnea. One type of eyprlnlne la 
richer In arginine and poorer In lyilne^ while b the other type lyaine 



PROPERTIES AND COMPOSrTlON OF PROTAMINES 37 


^)pflan In amoHiva quantlt7 and tha pereentaga of aiglnlna &II1. 
Thoae dlffanncaa wen detected by Koaeel and Daldn (8a) In thdr 
fiiatanalyBeial tha protamine fhMncaipepenn In 1904. Tb^ehowed 
that the two typee of protamlno contained arginine and lyrina but 
not bletldln^ that their eulphatee wen not predpltatad aa oUs from 
aqueou aolutloa aa la the caae with the mqjorlty of plhtamlnaa, bat 
Hint: otherwlBe th^ p DM e aaed the pr o p er ti n of the protandnea. 
Analyaea of two prepatationa an given In iHiinmna i. and HL : — 


Aigfaiiiie 

Ljdbo 


* • e 



^7 

sfys 


m, 

iSh) 

64 


At the time tha behavlonr of theae aubatancea gave ilao to the 
aunnlaa that a mfaitun of aeveral nbataaceB waa praaont Thla waa 
conflrtned by the later work of Kooael and Schenk Aaeparatlon 

of theae typee can be effected by precipitation with faydrofarncyanlo 
or aulphoaoUcyllc add| whl^ give aparlngly aoluble aalhi with the 
baaea rich In arginine, while the baaea rich In lyelna ore not predpltataiL 
In thla way typee were aqrarated In which the arginine end lyilne 
contenta wen aa foUowa i — 


Aighdne 

LyihM 


ofTtotalMUioaB. 


AiatnlM iMjuf AigUnMUl 
Typa type. 


. 4S*56 io4d 


Among the monoomlno^dda amlnovalatlc add waa detected, thna 
conflrtnlng Kooael and DaUn, and In addition proUne and bIbiiItm) 
wen found but not tynalne (contrary to the finding of Kooael and 
Dddn). 

A almllar aubatanee bnrblne (ii'S per cent arginine nitrogen, 
38*8 per cent lyalne nitrogen, and is-S per cent proUne nitrogen) waa 
prepared from a email quantity of the teatlclea of the barbel 


nX. Trlprotamlne. 

8TUR1NB (ahl)^ 

Sturlne waa diacovered by Koaaol (yl^ In 1896 In the taaddea of 
the German aturgeon from the Baltic Sea (Aodpenaer Sturio). Later, 
Kurajeff (in) and MalenQck (133) eatracted pntamlnes from the 
tartlcieo d atuigeona from the Coai^ Sea (Aedpenaer Guldenotldtll 
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ud A. itdhbii). K li not ynt lettiad idwtber tho protamlnm £nm 
the tbna spodfla an tdenticaL 

Analydi of tho — iipha** of tho iturino from Acdponoer Sturlo 
lave tho fbimuln . iiHtSQi (Koaol, 77), wheroos Goto 

(4^ gove CUEla.t^iO| . 4HQ . aPtCIt for tho pladimm onlt 

Kni^Jofl (III) found that tho eompoaitlon of tho aulphoto from 
Acdponoer atoHato comapondod to C^Hi^NuOt • 4H^O{|, and 
jfdmfldi (183) fBvo tho fdrmnla . aH^Qi to tho aul- 

phato pnpand from Acdpenaor GuldonatfidtU. 

In tboN formate tho C : N tatio varleo. In Kooad'o fonnula It 
la 1*65, In Goto'a 171, In MalenOdc'a 178,* and In Kiiiajoffo 1^7, 

On IqfdiDlydo of atadno Koaad (77) found orglnlno, hlatldln^ and 
alao lyalno. Lator, Koaad and DaUn (85) wore able to dotoct alanlno 
and teidno (or on laome^. The ahoem of amlnoTalorlo add, aerlno 
tnd proUxifl ii nunArinblfl. 

Qiianritnrivo oatfanatlona of the hydnlyBla product! were carried 
out hf Koaad and Kotachor (80) and repeated later by Koaad and 
WolaB(9(q:— 


- 

(law). 

(tgi^. 

In flie argfarfna fmnOnr 

. fis'S 

*7*4 

u MaHdtne fcanHnn , 

. ix«8 

XO«I 

IjFdneftBiitioa 

8*^ 



TI10 praportlea of aturlno do not differ greatly fmn thoao of tho 
protamlneo of the aalmino type^ but the aulphate la more readily 
aoliihle. Tho aepatHlon of the ^ occnia at a grant or concenbatlon 
of tho aqnooua eol o tioa. No oil neparataa even from a 10 per cent 
aolutJon of atnilno aulphate. Kuzajdl alao mon t io n a the greater aolu* 
blllty ef the pretunlne aulphate from Acdpenaor ateUatua. Tho 
anfiarion can be brought about by the hdp of a email quantity of 
edier, acetone or olooUol. Ammonia cauaea p^pltatlon If the adutlon 
la not too dilute. Salt cauaea precipitation but kaa readily than with 
the inotamlnea (rf the groiq>. 

in two aperlmeatB Goto (48) found the apedfie rotation [a], » — 
doP, and — 58.S* (probably for the aulphate). 

itUBOak meda the BtfaWjinDdlM uu^tfeB ttet Ite dUbnMa la tte 
nlfaBemTahwwn— idbyidBhiteiautteailBdM; at JMI. C tm„ Op, 

i3>(ion4. 
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TRANSITION PORKS. 

Ai mon ti onad abova (p. 93 ) ths ■parmi of fiih contain on tha one 
hand hlatonea, which have tha charaetar of tha higher protalna ; on 
the other hand, protamlnaa whloh have a ahnpler atnictuia and are 
the final etage In tha pr oc a ae of degradation. It can thua be raadUy 
undentood that typaa may occur whloh are Intannadlata between the 
two aatraniea, or that an eatraet may contain a miitoia of the two. 
Such condldona are aean eepedally In the organ in the unripe atata 
(eae later under Hlatonea). 

A protamlne-Uka body, which cannot be <»in— <<!»»«< In the above 
acheme, was prepand by Dunn (adx) from the testiolee of Sardinia 
ccendea. The raw mate^ waa coUectad during the ^Mnniing aeaaon 
off the CaUfomlan c o ast The finely dlabtegratad tnsticlas were 
eatracted dlreotly with 1 per cent sdphurlo add, and the eatraet 
predpltated with alcohol and purified by Koasd's method. The 
distribution of nitrogen In the products of hydrotyals by faydrocblorlo 
add waa edlmated by Dunn ndng van Slyke’s method and ths colori- 
metric method of Folln and Looney (43a). 

Braotaisal 

IMilinttDiB. 
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i«9 per cent tyroalne and (hfiy per cent tryptophan wore also 
detected. The hl^ hladdlnn coo tent, which hM as yet only been 
revealed by the differential method of van Slyln^ Is very temaritable. 



CHAPTER V. 


Tntawroemaw and oumnxnmuN or tsb raoTAimiBa 

So far concapdoM of the itmetura of tha pntaln molecale have bean 
baaed npoo naulti obtained by faydrelyalB. They auggeat Una Ibr 
atfanHng the preblem by other methoda : aynthala, reduction, and 
oaldadoQ. 

The bydrolyda ei the protamlnea haa been carried out Juat m vlth 
the other protelnB by adda or aOmlla at hl^ t amp e r aturoa, or by 
oniymea. By grading the concentrafkn of the add or allnU, tla 
degree of temperature and the time of action, the reaction can bo more 
or lam widely aatended to give tha Intermediate producta of hydrolyala. 

(SS)i in o'lier rapidly to atop the a^on of the aulphurlc 
add during the hydrolyala of protamliieB at high temporaturoa, con* 
Btnicted a apedal antodave which made It poaaible to control the thna 
of hearing accuratdy and uaed it for obtaining Intermediate product! 
of the raactloiL 

Bohayloiir et Protaminrm with Proteolytic BiuqrmM* 

Inveatigarion of the action of proteolytic ferment! on the prota- 
mlnea baa made an Important addition to our knowiodge of the mode 
of action of the fdinenta and at tha name time of the eonatitution 
of the protaminea. It la quite clear that light can only be thrown 
upon tb nature of eniyme actkm if the aubatratoa to be wMiiimrf 
are of definite coiqweitloa and their atructure la known aa far aa 
poadbla Only then can the qneatlon be inveatlgatad of the point 
of attack of the various ensymea and the Influence of other atomic 
groups contained In the molecule. From thla point of view the prota* 
mlnea have a definite advantage as oubatratea for enxyme action over 
the more complaily constituted proteina. On the othw hand, there la 
the advantage that tha specific eniyme epliti off tho momben of the 
protamine more delicately than Is poadfale by the cruder method of 
add hydrolyda 

Koasel and Matthewi (y^ In ifipfl disco v e r ed that salmlne and 
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■turine won not hydralTHd by pepda-HQ, but wen hydralywd by 
tiypsln. Hum nralti non eonfiniied by Roscmliiakl (149) in I9ia.> 
The Bction of the Individual tzyptle enayme could only be made dear 
after the ahaip aepaiation at the varloui numbeia of thb group had 
been made pnalhle by the devlaed by WUIatltter ud hia 

■cbooL By employing thcM metbodi which provided a nieani of 
■eparadog tzypaln and e r e p a l n and udng a now nuthod of titration 
(aee below) for following the (kgrae of liydrolyBli, Waldachmldt-Ldti 
and Hartenedc (191, 19a) obtained the reaulta given in the following 
table which ahowa the behaviour of dupeine oomparad with that of 
the higher protelna. Hw action of pepaln la alao ahown. 

BRUOFia'l'y OP PAMGBXATIC T R YP SI N AMD ERBPSIM, 
(mnuDniB oonipwi w xoo ni£iiBi pnimMi} 

(— » Ko detBOtilite » Hydmlyrii, ++ -« VlfanjDi 

hydr olyrii.) 


Alt nylg l y dna • . . . 

LBO^^^tycyilMycliiB • • t 

(llxariiplai or dl- and trtpeptidfld 


Crapdoo .... 
TfaynnaUdDiia 

PUaln .... 
Oiadn .... 
(Sninpla at liigber pioWiiB) 



Thla table ahowa that — 

(l) Dl- and tripeptidea are hydrolyaed by erepaln. 

(a) Qupdne, hlatona^ and peptone are only hydrolyaed by trypaln 
(activated or not activated). 

(3) Higher protelna are only hydiolyaad by trypatu-ldnaaei 
The hydrolyda of dupeine waa followed quantitatively by Wald- 
acbmldt'Ldti, SchASoer, and Graaamann (193) who found " that the 


(iBx^ la tgoa did aot I 
I not nIUrie for r 
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•ctton of Um iBpQiato oa^moB oeuoi it i certilii deflnltB condition 
and tint tbow eondltioai aro nlatod, by tho fdnnatlon of 
dinnricii gnraiia, In dmple nomerical pafportioca.” 

Thii li ihoini by tha foUovbg Mrloi of oaqiorlmaiti : — 

HTDBQLTaiB B7 TR7FSIN. TaSPBIN-EINASR, AND BBZF81M, 
SBODHHCB AMD ACnON. 


X 

Tkypain 

X 


Tkypato-khnaa 

3 


InieaUinl acapafai 

X 

fl 

Trypain 

X 


totaatiml erapain 

X 


T^ypain4dinae 

X 


lalaatlinl enpaln 

t 

3 

TrypaH Mnaae 

t 


IbCmUhbI — 

a# 

I 


In tbou oiqiarinmtB tiio enaymitle faydralydi im aitimatad oa 
the h ad e of the appaaraiica of free amino ud carbonyl groupa 

BWar SbanoB’e Iib iimiI tittaUon oa vm nuHiod can he iwd a*** 

ttn aeteitlaB. of tiw Ubnalad m*nn nnuM, xbo dntndnatloa of tin "■« - 
boxjl pnopa by tin imttiiid of ‘WlUAtln and WildadnnklUnlfai (107) 
d^Bnda npca tta fact tint in andno-uUa peptidaa and poWa only oaifaoiyl 
|iuupa nuC ba aknhaUo aofaitkat and can ba ■^1™ ii i by « n— »■— By 

aaorialnlng tha aeldHj In 50 per east, and go per eaot. ataotelto aobticai It la 

pcadUa to dMIiigiiUi ba tainu tin addlty doe to free andmaolib and tint 
dna to peptide ouboiyl gnnpa. 

Certain numerically iharply defined llnkagea wltUn the dupelne 
nudacule an btokon by the Individual ernyuMi. WirpiriiMni. 1 Bnd a 
nhietnta the dlvlrion of tilie compound!, which an bydiolyied by 
OiUjiufli, Into five gnnpa, and enperiinent 3 Into three gtoi^n, 

Experimante i and a alao ahow that with tcypiln one-fifth of the 
total en^me action la developed. The HCN activated plant eocyme 
papain acta In a almllar manner. 
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Firam these coperiinaati bend apoo the — rtmarimi of the Ubented 
emliio end caibcoqd groups WBldicli]iildt>Iidti, SchBfioar, end Gren* 
menu conrJiide that the idiole p r o ce n of hydrolytic Dleaivego conslitB 
in the hrscMsf ef f*pHda Ui iiM gu, but that betides thon which can 
be brokan by eaiymee there ere also present peptide-Unhagos whloh 
■le unattacked. In the itmctore oi the latter the presence of a 
tertiary linking of prollne to carbosyl is eharacterlstie. 

The dlfierences In stmctnie of the protamlnn are also shown by 
their behaviour towards enaymes. Waldsehnildt'Lelti and Kollmann 
(ijMa) In quantitative eiperinimita with bur dlfitarant pfotamlnes 
found a dlffierance between the moneprotamlnea (chipelnB, sahnlne, 
and acombrlne) and the tripr o ta mlne stnrlne. 


ENZYMATIC CLEAVAGE OF FROTAICtNBS. 
Pynbnls u shem^ p. 42.) 



B-e-^ 
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Stuilne In contrast bo the protamlnea of the salmlne group is not 
attacked by Unase-free tr y p s in . Greater differences ore revealed If 
the action of then enq^mea la followed quantitatively. 


HYDSaLYSia OF PROTAMINES BY TRYPSIN. TRYPSIN-XINASB, 
AND PAPAIM-HQI, AND ENZYME ACtlGN. 
(WsTJisceiuoriJtiti am Kouiuini.) 

(Data Im H ca t e tlia Inatessa In oddity In oe. owN slUttor Sieliydcoly* 
da at 0*140 gnin pnitaadne bssai Tbtn fho ■«!«""* of niUe g Bn in eadi 
win be epproslinatsly fba anm Hydr o ly s i s wis eootlnnad until vslnas 
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According to thoBo vahioi clupdna nod oolmlne behtro very 
rimllirfy with all three eosyme^ but differ from acombrloe In tlio 
amount of dooompoaldon by trypdn. Aa already stated (p. 4a) 
the proportion of caiboiyl In chiphLoa set free by trypsin Is one-fifth 
of the total earboiyl which can be llberatod by enqrmas, while In 
soomhrlne It Is only one-ninth (Zdlgler, according to Waldoehmldt 
Lelta and Kpllmann). Sturlru Is not attacked. 

So fw the following have bean Isolated as products of the hydrolydh 
of protamines by enaymes : — 

(l) Arginliuby thefaydrotysisafsturinoby trypsln-klnase (Kassel, 
Standt, and Waldschmldt-Lelta). 

(a) Arghdne, hlstidliia, and lyeliio by the hydrolyds of eturlne by 
Impure “ tiypsin.'' £1 addition a subatanoe was Isolated by Koasel 
and Mathews (yQ from which a well-otystalUaad aOvor salt of com- 
posltloaCiaH^fOi.4HNOh.aA^O^. was obtained. The formation 
of this substance la obvloosly dependent upon definite Biperiniental 
conditions edilch are not known ; It cannot bo decided wl^ tryptic 
eniyme was tiaad for these eiperlmenta carried out in 1898, 

Hydrolyala by Adda. 

The units the protamines are obtained as end products of 
hydbilysia by the IntenslvB action of mineral adds. Thoy have 
already been numerated. The dlvlelon of the protamines Into thdr 
groups depende upon the quantitative relations of these units. Prior 
to the omnpleto decomposition Into those h]rdroIyilB products, Inter- 
mediate piodiiota are formed of which the genual nature hos been 
aetahHsbed but which have not yet been ebuply chaiacterieed os 
chemical Indlviduali, 

During the add bydzolyili of — throo dlatinct itagee can bo 
recognised. In the firtl stage tfao original protamine is coovertod 
Into protone. In this way the protamine loea Ite propertiee of pro- 
dpltating protein In weak aininnniai««i lolntlan, a^ of forming an 
ally sulphate. It also loses Its oocmal phydological action (see below), 
but It etill gfves the Uaret reaction. TfaJa change Is almost complete 
on waimhig for half on hour on the wotor bath with 10 per cent 
eulldiiirlo add. 

If a higher temperature la employed, a typical biuret reaction Is 
no longer gfvan. According to Gram there ore premot beoldas freo 
monnandnft-adda and their peptidee, products which only contain 
shout 3 per cent of their nitrogen In the form of frae smlno-groups 
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(at dotBctad by van Slyke'a outbod or SOronaan tltradon) and which 
yield aighilno cm further hydroly^ In proportlaa th^ roMinbb 
the lUinqfplparBdnfla. Tbla Ja the steond atags of hydrolyila. 

The OtM Btage, the complata daeompoaltlon Into monoamlno- 
adda and arglnlney ia ■**«»«*<* by prolonged hydrolyila. 

The flrat and aecnnd atagea ha;^ only been dlffamtlated In the 
mora recant InveatlghHona, eapadally by the woilc of Groai (54). The 
lube tan caa daaeilbed ea pratonaa haiva probably often bean a mbctnce 
of the two atagea. 

Soma of theaa Intarmadlata prodooti of bydrolyilB are c loaaly 
related to the protamlnea. They are called protonea and like the 
pfotamloea era chaiacterlied by the namea of the fiab, e^. dupeona^ 
andatufono. llMy an readily roeognlaed by giving the bhiretrumdon 
with aodlum hydroxide and copper aulphate. On further hydrolyala 
other prodncta wfalcih 00 longer give the biuret reaetlan ore formed 
from the protonea. 

The Protonea. 

The protonea can be p re p a r ed In tlm form of their aulphataa by the 
method uaad by Koaad (77) and Goto (4I9 aa f oUowi : 5 grama of the 
protamine aulphate are dlaaohred In 40 c,e, of water and the aolutlon 
treated with dlhite aulphuilc add ao that loct c.c. contain 10 c.e. 
H^SQi. The {xotamlne la deeo m p oaed by boiling for half an hour 
under a reflux condenaar. The liquid, which ramalna colourleaa or 
light yellow, la then predpltated with ethyl alcoboL Ihe predpltate 
la dlaaolved In water, and again predpltated with five to ate tliM Ita 
volume of alcohol The predpltation la repeated throe tlmea.* The 
product alill gfvei moat of the charactarlatlo protamine predpltatlon 
iBBCtiona, but the pradpltates are generally mote readily aolu)^ Aa 
already mentioned a very atnmg biuret reaction In ghreo. The bado 
character ia atill very definite. 

Of the aalti of the protonea the plcrolonate deaervea eq»dal mtfitlon 
alnce it occuri In cryatalUne form. Koaael and Wdaa (90) prepared 
It by inhring a dilute aolutlon of free dupeone with an a lcoholic acdutlon 
of plcrolonic add A predpltate la formed which cooaiatB of tnlcro- 
acoplc tufta of needlea which appear light in the dark field of cr oaaed 
Nicola. The light tufta ahow a dark croaa, the axea of which are 
paralldwiththechlaf axeaof thepriam. Thecryatalacanberecryatal- 
llaed from dilute alcohol. 

iRv a tethw r"***™***"* ihe eoitlo aad plarie aold ■■Huai. 

P-4*. 



-0 


‘IHE PROTAMINES AND HISTONES 


By luqNndlng the plcralaiiate In dilate folphurio add and ox- 
tractlng with adwr the plcroloiile add b eaally removedi^laavlng a 
■ohitlonofdapeoneaiilpliate, TTie ctyatelHaarinn doea not neeewarily 
amufe the homoBendty of the predpltate. 

Goto (<48) prepared the free baee from dupeone ■olphato for 
detendnatfon of the moleniilar vel^t In aqueoue edudon by the 
bdUng and freedng^pdnt metiiodai The fanner method gave 419, 
and the latter 434. 

Tlie pre tonee are lavoratateiy like the protamines. The change 
from ptotainlna to protane eauaes a decrease In the apedflo rotatlaa. 
Goto found the following vahieo for {b]» ‘ — 

Free dupeone — asHia* 

qiipsopsssiphate —4^x1* 

Seonbraee snlphata .... — 4Z*S5* 

B Uu ons solpliati — as«5* 

Cki pMU , — Complete hydrolysb of dupeone glveo the same 
Biglnlne valne os Is found on faydrolyds of the original protamine. 
Comparative espnrlmanta of thb Und were fiiit perfo r med by Goto 
(4^ end than Pringle (8^. The latter In addition to onalyelng 
tb lAob predpltato of dupeone solphato thrown down by alcohol 
attempted to s^iarato thb inedpitato Into sevoral fractions. 

Ihe fcs nHon a tta a nos baaed upon the nTwieUnn tliat If a aotation el 
aiflofais fa aeeUosdi b tresled wifi) an seliitfan d pteb seld, a 

pi e c I f i lsl B h farmed which fa scfaMs fa e m» el ptafa add. If pcuUiua or 
peptD n ej ft e snhataiirBB an dmOady tieafad, tbs pwinlpftafa pndneed by 
pkrieaddfaiiatxaadflyaohibfafaanamaf mgeot Thapree^dtataobtafaed 
fa ttJi way was reDad fraotfan I. 

Ibat part of the pratune wlitah wm not p te dp f fafa d fa this way, oftav 
xeeuval of the pfacfa add, was praotpHafad by tee dhar baiyta metfaid 
(whfah alao pwdpHafaa pntone^. Tbs p re nlpffafa was freed from alhar 
ud bazliim and the xesoUfag aotetfan tieafad wlte aodfam ptaafa at neotaal 
leaetfan. Tba ptedplfafa p rov id ed fraatfan 11 , and tea fllfaaAe fradfan III. 
praettan I. was faiteer anbdhlded fatal fraetfana I* and la by pariSeaifan of 
the part (la) fay means cd tee copper aolphatB <mij[ioiiiMl. 

Pflngb aatimated the arginine In dnpdne to compare with the 
analyses of these fractions. Hb ranilta ^ as percentages of 
the total nitrogen were : — 

acpefaegn^; 87*0: 8 b*i. 


lA. 


aspaone . 874 


la. 

B74 


n. 


884 


m. 

874 
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Goto fthfatwatf dmtlf nmlti, 

Hmn .volufli trare arrived at on the baali of calcalatlon 1 . (p. is). 
They show that than la no change in the ratio of atgliiine to mono* 
ainino<acldi during the uou v eial on of dupeine to dupeone. The ratio 
oom^Mtudi vlth the aooeptad formula tgiii which requlra 88 ^ per 
cent cl arginine. By employliig calculation IL an BtgIolne>nitrogBn 
value 3 per cant higher la gh^ but then ia no appredable departun 
from the formula a^OL 

The mdecular weight determlnatlou by Goto mentioned above 
fita in with the faypotheah the* the almple combination aiglolne + 
aiglnhia + monoanilno-add la preaeot in the olupeooe molecule. It 
haa already been mendoned that the dupeone molecule contain! the 
four monoamino-adda, aarlne^ praline, and an emioovalerio 

add. The combination of eaoh of theae four nnlta with two moleculea 
of arginine with the loaa of two mnleenlea of water ghrea calculated 
mnlenular welghto of 401 ,* 417 ; 437 ; 439. Goto found 419 and 434. 
Some of the elementary analyaeo of dupeone by Goto (48) agree with 
thla molecular weight while othen an atiU uneaeplainahleL 

RalitiTe AmngMiieiit and Type of LlnMiig of tiia Unlta. 

If!pqitl«fa llitMng ,MeiiHMiigtingmllFl!ehar*i edian^ ba ammiiid 
in the mnlecnle of a pratunliu of the aalmlne type, the following 
pomibllitleB have to be oonaidend : — 

(L) ... or (IL) ■iiiMaa-aflui . . • 

when a npr eaenta arginine and a m o no a mino -adda. In the formation 
of pratonea the Unkagea npr ea ent ed by the hypbena would be braken. 
Practical qtplicatlon of tfah aanmpdon, hu preaeoted dlfflcultlea. 
For Nelaon<Gerhardt haa ahown that, on partial bydtolyda 

of en found In comblnatlmi with one 

another (133) ; Gnaa haa confirmed the reault with dupeine (54). 

Graaa haa npportad the amumption of a linkage between two 
arginine tnnJeculea by eiperimnnta anggeated by the following con< 
dderatlon. Of the four nitrogen atoma of arginine, only the one 
attached to the a< 4 artKm atom la oaHmatod by fbrmol thratloo or 
by van Slyke’a If dupeiiu la completdy hjrdrolyaed and 

t^ reaction mixture la predpitated with phoapbotungstie a^ in the 
uaual way, the predpltata ahould condat entirely of free arginine 
and a ftxmol titration or eatiinatlan by van Styfce'a method ahould 
give 35 per cent of the total nitrogen aa amino nitrogen. If, however, 
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tbe aigbuis In tUa pradpltato li atlll portly In peptide combination, 
the number of leactive omlno-gronpa will be reduced and valuee 
below as per cent will bo obtained. If the afnlno<groupe are all In 
. Bomhlnadon, the value will alnk to earo. 

Grom found valuoe for the aiidno>nltrQgen In the arginine fraction 
from the hy dr olyinta moatly lam than 35 per cent and he aucceedad 
In obtaining by cantioua hydrolyala a reaction mlxtum from which 
he wu able to aq)arate aev^ fractiona with different valuea for the 
reactive amlno-nltxogen. In one eaae tbo amlno-nltrogon eatlnuted 
by van Styka'a method amounted to 3*3 j 3*94 ; a'46 per cent of the 
t^ nitrogen. In another oiperiment only 0*8 per cent, waa de- 
tected by a fonnol titntlon. It la probable that in thoae caaea an 
aigliilnB onhydrldo la pieaeot, Le. a dloryplperarine derivative of the 
formulfr— 


CJluN. 
NH— Ah— CO 

I 

:-NH 


Ao-ch 

A4H: 


ifH. 


If thla aawmpHon h correct, Groaa* reoulta ahow that two aiglnlnB 
groupa In the dupdoe molecule are jdned by a peptlde-Uke linkage. 
They do not Indlode that a dloxyplpetadne ring la actually preformed 
In the protamine molecule, for It la known that dlpoptldm are eaally 
converted Into their anhydrldea,' Gtom ahowed In a aeparate oiperl- 
meat that arginine In the form of the unoomblnad alngle mohicnlee 
ta not co n verted Into the dloxyplpecailne under the eame condltlona. 

Komel and Staudt^o e^Mrimenta on tbe prolonged action of -70 
por cant, (by vohime) aulpbuilo add on dupdM lod to dmllar roaulta. 
From tUa leacthm mlatura a aubatance waa iaolated whldi on hydrdyalo 
gave 100 per cent aiglnlna (udng calculation IL). According to thie 
all the amlno-adda were apUt off from the protamine. The baio 
obtained waa not aigialne, alnce a van Slyke determination Indicated 
that not 35 but only per cent of the total nitrogen waa preaent 
aa free amlno-olttogen. • After hydrdyala with aulphurle add thla 
vdue loae to 33 per cant Thoae roaulta can only be explained by a 
linking of aiglnlno moleculea, ouch aa la preaent In argloylaiglnine. 
Attempta at obtaining oyatalUne aalta wore unauccoaeful. 

Finally, ODO more phenomenon which aiiaee from the add hydrolyah 
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of pcotunliiai may be meatloned. Thli It tha docnue In alkalln!^ 
wUch HU inwtlgttBd bf Goto (48) «nd Nalton-Gtrimnlt (13^. 
It hu oIm been obtecved In tfae liydrolyilt of othv ptotoint, and 
SBnaaon (181) hu tncod It to a pf ogrtu l vo ehuge Itun the koto 
fbim — CO — NH — to the tool fonn -‘'^(OIQ b N — ^ Nahoa> 
Gflriiatdt pointed out that aorioe It pnaant among the l^dtolyala 
pndueti of thla protamine. The tnptun of an ortar'llhe Unkap of 
thla hyd roi y amlno*acld would lead to the liberation of a caiboi:^ 
group and thiit dtcwpea the alkaUnity. Thla reaetloa it Ul u atra teH 
bj the fUlowlng equation i— 


POOH — CR— OH, — O- 


m m, mrtrftnTTn-fTFTP 

Ah; 


Betgmann (pe) propoaed the term " eatar-pqitlde " for luch a linkage. 


Action’ of Alkalla on Protamlnoo. 

The B fl rior of alkalla dlffen from the action erf faydrolytlo fermenta 
and adda mainly in the following polnta. Fliatlyi raeamlaatlQn of 
the protamlnaa occuta eoan at room temparatare. Secondl y , the 
guanidine group of aigLolne la dutroyed with the formation of urea. 
There la alao an evolution of ammoola, the origin erf which la not 
known and irtilch la poaalbly partly connaotad with thla react ion . 
At the aame time protone-Uke producta are fetinad. 

Koual and Wala pa) o b aer v ed In ipop that; by the action of 
or baiiom hj rd i m d de at room tenqMtature; or In an Incubator, 
the optical activity of the {Kotamlnu almoat entliely dlaappeared. 
It cannot be at that thla (duuge la a racnmiaatloo. 

The lotatlan of ao comirfax a la in reality the raanltant of 

aeveral atnictural obangea *"^"g pboe within the which 

In Htffwfwnt If the moleoule la partially 

dlalntagrated, aome trf the groupa with Imvo-rotatloa may diaappear 
adillat thoae with destro-rotatlon may remain unchanged. In auch 
a caae tfae lav^rotatlon would Htmtnhh umJ the final reault would be 
neater a daxtro^otatlmi (^). 

^he eaperlmenta of thaae author! led to the that auc h 

a change. If It occuta at all, cannot be regarded u the teal cauae of 
t hit inactivatlun, but that the Inactivation of the whole protamine 
moltolfl wont Iq ha«H with an Inactivation of arginine, the 
unit p nwinfTiinaiHiig tn quantity. If the inactivated protamine ia aub* 
jectad to add liydtolyala, A-argbliia^ and Ita dacompodtlon product 

4 
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d^oAlthliia, an fonnad, iHianai add h y d nJydM of tha origbal active 
protaniliia ylalda d^iglnliia. Tin action of aodlum hydmlda mnat 
produce a itnietunl change which nodan tiia arginine optically In- 
active while it la itfll MmMjwri In the pntaln molecule. SabaaqiMit 
rooemtaation of the aiglolne^ ondthliie, la eadudad under the given 
asptrlmantal condltiona. It thanfore ^ipean that the unlta In the 
atata of t-wnMnoriftn within the protein an mon accaaalbla to tacenil- 
ntion by alkalla than In tha atata of free amino-adda. 

Komel and Wdaa thaae renarebaa to tha bigger proteha 

with afanllar reaolta (ps). The optical Inactivation occun vrith gdatln 
and other protalna ; on odd hydrulyala of tacamlaad gelatin they 
obtained dMdatldina baaldaB dl-arglnlna, while lydne waa only partially 
noemlaed. 


I 

\ 


DaUn (ly) gave a very almple and convlnalng explanation for 
tUa naction. He pointed out Aat In amtno-adda which on bound 
by peptide Unkigeo In tha protein molecule a change from the keto 
form to the tautomerio cool ftam la very probable aa aoon aa they 
an Bubjected to the action of alkali In thla change the carbon atom 
of the omlno-add tonna a doubla bond with emo of Iti ndghbonring 
atoma and time loaea Ite oaymmetry. If now In any way, 04. aa a 
renlt of hydiblydi, the amlno-add r ever la to the keto form a lacemlo 
BubetancB reaulta. The following acheme aorvea to Uluatnto fUa 
reaction:— 


R R OH R OH 

k 


In the Ug^ protalnB (gdatln and caadn) DaUn and Dudley (18) 
found that a aerlm of other omlno-adda alao ncemlaed under theae 
co o dltiona, but proUne retained Ita optical activity. They emphaelaed 
the Importance of theae Inveatlgatl^, which aroae from a atudy of 
the proteinlneB, for the eq>loration cd pntaln atrueture. It la to be 
expected from theae obaer^tiona that thoae amlncHodda whoaa car- 
bo^ group doea not take part in the peptide linkage would not be 

fwifwnftf^ In tho 

Dakin and Dudley aho obaerved the ctmpUU redatanca of the 
higher protolna ncemlaed by alkali towarda proteolytic fermonta. 
Thla peculiarity k not aaplalned. Tha phenomenon doea not aeem 
to have been yet Inveatigi^ In the pntamlnea. 
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Boridoi recwmlMrioa KomoI ond Wda ^ 93) obiacTvd inotliar 
toution irhlch occumd during thn aetfam of alkaUi on tho protrin 
mnlnrailo. It conriitod In the hydrolyrii of wwnhhed aiginine iritii 
the focnttrion of uroa, Fntamlne derivarivee can be thue praparad 
iriildi on decomporitlaa yield omlthlne Inetead of aiginlna. Thla 
reaction had alre^ been described by Seholsa and Tilrtwmflt (159) 
and Sohulie and ^Vlntenteln (160, 161) soon after the d isco v er y of 
arginlns by Schulae ; it led to the discovery of the coostitution of 
arginine by Sohulie and Wlntenteia. TIm reaction la eipre s ae i l In 
tile following equation which also r ep r es en la the action of arglnase 
on arginine: — 

NH 

MHt . C . ira . CH. . CH« . CH, . ai(NH^COOH + 



NH. . CH. . CHa . CH, . CH(NHi)COOH 


IteM, 


Aoootdlng to Koasel and Wrisa this reaction oceura under the In- 
finance of alkali, If the carbonyl group of the arginine takes part In 
the peptide Unkage, as la the oaae In the protamlnea. 


Views 6a the Constitution of the Pnrtamlnee. 

In the foregoing aectioni some obaervatlons were made on the 
natnre of the linkage of the amlno-adds In the protamine mo l ecu l e. 
The cootentB of this section have thus, to some eatent, been anticipated, 
but further poaribUties erist for the structure of the protamlnea. 
The on the hydrolyris products of clupeliie and — imtw 

was b as ed upon the hypothesis that In the protamine molecul e an 
amlno-gtoup of one unit Is Joined by loos of water to the caiboayl 
group of t^ adjacent unit. The peptide linking of two mnlecnlee 
^ ^lydns giving ^yo^^ydne Is an eaample : — 

NHr--CHr-CQ^^-<31r-COO^ 


4 
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TUi compound li btolm Into Iti pwti by adding n moleeula of 
mter nt tlio point ■hoiwn by tha lArow. Enporimontal proof of thlo 
itmctun vu givon by Emil Flocber (40^ 43), Tho protein nuJeculo 
lithoicancalvodmaamnrietionofainlnD-ndde, the atomic ■tructuni 
of iriikh an already built up within the amodation. Thli ■trueton 
"1«***"* the fonnatlon of andnn-addi by hydiolyila whether It !■ 
affected by adde, or alkallii or fermenta. The formation of amino- 
adde by hydrolyele of protelna by fannenti, a reaction whldi p r oceede 
ee eadly and without violence at ordinary temperature, aa w^ ai the 
production of typical peptidea, aupport thla view, Thla conception 
li omphaetaed ty the hct that artificially prepared peptidea an 
hydrotyeed by the aame ferment, ereprin, which is requlr^ to Uberata 
the andno'aclda from thh protein mcdeeale. It k alao known that the 
animal arganfam, In tha formation of hlppurlc add and glyoochoUo 
add, p erfbima raactlone which an dmflar to tbeae taWtng place In the 
formation of pqttidea. 

TUa bypotheda by no meana wriiidea other methoda of Unking, aa 
Flachorh8aalna«^polntedout(4i). The great variety of the protelna, 
the difference cf tbdr funotiona and the occunonco iS. other reactive 
groupa than COOH and NHt In the amlno-adda (e.g. OH and SH) 
aUowB for other atructorea boaldea the peptide type of UnHng in the 
protelna, 

Flacher'a vlewa an not entirely aupported by tha roaulta of Troena^ 
gaaid'a admuatlve and careful reaentchee. Troenaogaard pdota out 
that, In the Inveatigatlon of auch a QompUcatad organic atructun aa 
ocean In pmtelna, the oxolualve uae of hydrolyBla aa a mothod of ea- 
aminarinn la liable to lead to onesided oondualona. Ho tborefon 
conducted the cleavage In ouch a way aa to avoid the uae of aqueoua 
aolutlona, and obtained a high yield of pyrrole Uke products whan he 
aubjected acatylatad protaloa to hydrogenation (16^ : *' Ndther aU- 
phatle aininea, nor aUphatio amino akohola, whldi wtwld bo 
if piotelna rondat of a peptide chain of amlno*adda wore found In the 
reaction " (187). He craduded that hyd mnypyrr ole compoundo wore 
preoent in the protelna. Tho foUowlog provlalonal model — pla if 
the formation of amlno-adda from pyrrole rlnga by hydrotyela, 
how amino-add formation la poadble without peptide linkagea 
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la thb caaa the einliio-add fllenlnn fa obtoloed fay the niptore of 
aa hydraxypyixale ilng by the addition of two m o l e^ei of mtar. 

Attantl« hM alieody been directed to another ring ayatem vfalch 
Offaci from the emymatle hydr oly ab of proteloa. Rltthamca (148) 
and (154), and othen^ recorded the preeeoce of a dloiyplpenr- 

aln^ leudne anhydride, n aubatanoe vhldi vaa flrat daacribed fay 
Bopp la 1649. DIpeptidaa are formed by carix«yI>aniIno combtnatloa 
from two aniIno>aidd molecnfaa by tbe loaa of one moleoulo of iroter ; 
If a aecoad molecole of water fa 1^, ring cloaure oecnra and a dloncy- 
plpenaine fa formed ; — 


NH- 




CO 


io— CH— iJh 


An enmpfa has been given above (p. 48), bat It was afao mentioned 
that the pre-exfateaoe of such a ring In the protein molecule must 
not ne c em a rily be Inferred beeaoae it ^)peaia after hydrolyab of the 
pcDtelna, alnoa dlpepddea are earily converted to dloiyplpmrinea by 
boOlng ^th add (Brl^ (13], A^darlialden and Komm (3)]. The work 
of Abdariialdan a^ of Betipnann, however, has provided Infimnation 
which makes the eifatence of ring otructureo In the protein molecule 
probable. These researches are of outstanding general Interest In 
protein che m fa tr y, but have not aa yet any ipedal l^>pllcatlon to the 
protamlnee. The work of Bergninnn appllea enenti^y to the realm 
of eyntiietlc itructuret cfaeadita y, but It murt be conddered In regard 
to the occuncenes of sacine fan the protamine 

In a eerlea of Important p ap era Beigmann showed that certain 
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dioxypipmadnai can be converted Into lubataoeea which are very 
reactive, have a tendency to paa over Into aubetoncea of high mol^ 
calarwi^t,andaleofonnpeptldaoQhydrolyeIa. Of apodal Intereet 
la tho preparathm of a aubatance whoae relatlonahlp with tho dla^« 
plpendnea la charactariaed by Iti conveidon Into alanine anhydride 
by catalytic hydrogenation, while on faydrolyda It ylelda a tatrapep- 



Alavtlvia Aalij aIHrta. 


ddoL Sndi a aobetance la formed by loa of water from tho poptlde 
ixrniMnnrifm of danine and aerloe or of ^ydno and awnnw, yy, 
metbyienedlaiyplperBdne, which haa a tendmcy to chango Into a 
product of high mdacnlar weight, la formed from the poptido. Elthor 
(H oi y plpar adne or pq)tlde atrueturaa can then be apllt oil iw Hin g 
to tho method of attadc (lo), Tlie following la an *™nipi« 


CO-NH-CH-CH/)H OO-NH— C-CH, 

u 


L 




[-NH, — aH,0-* 


I 1 

cH~4m-co 
I 

CH. 


O toy pt * * — tan 


(C|HgOtN|)g "► Peptide. 


Hihlt w. 

oo mp uc p d. 


P»l»nwwi and SWliw (ii) duind that if alanyloydliia peptUo fa Md 
la pfaca d akiqiaaritiB a orprtlM co n h Juliig dksyplpnilne fa 
wham baliBfkar In o nmjaifai ai iriUi tho papUdoB nenthnad aboea cfaaity 

tlMt ” rieg daBm ania a pnAand fadhieaie on riw allliilto nfattan wftMii 

the pipthW moleoalo.” 


The Prafomied Addle and Basic Groups of the 
Protaoiliws. 

The theory briofly doacribed In tho foregdog section oHumos that 
In the origlnol protein mol ecule there are groupe which fliat attain 
the form COOH or NH, during bydrolyda. Tho protdn molecule 
moat be OMim^ to co n tai n preforaied caiboocyl and amliu>*groupi 
alnco the proteina ate ampholjrtci. Tho preformed carboxyl and 
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omltMU grftnp^ dotomillUl of btllll chttnctof of pm fcnJtt- 

The protamlnei aod hlrtonee are baaie. Two problame need to be 
emnJiied, fliat of Jlnkage wltfain molecul^^ 

whether It la of the chain or pq>tlde type or whether It la the ring 
fonn ; aecowUy the nature of the free groopa not conhamed In the 
Unkagea. 

Goto'a (4^ alhallmatric aapodnieatB with dupelne are Important 
He fbond that the oornMnlng power of clupdnp with adda waa aa 
great aa that (rf the aiglnlne <wnfa»inw^ In the protamine. One mole* 
oule of free aigblne haa one alkali equivaleot^ ao that of the fbnr 
nitrogen atoma of arginine one la r ea ponalhl e for the alkaline reaotlon 
In the dtratlan. 

NH,C(NHHNH>--(Br--air-CH(--^^ 


Arginine haa two free amlno’groapa. One la the ••nmlno-groap 
of the ornithine portion and the other bdongii to the guanidine miftlaoa. 
Which of the two la free aod contea on the protamine molaaile the 
alkaUnlty which can be determined quantitatively ? The anawer la 
glveoby thebefaavlonrof tbetWDgroupatowardanltrouaadd. Ihidar 
the condltlona debarmlned by van S^dce (iilQ the ««anilno*group la 
decompoaed by tbla reagent with the quantitative evolution of Its 
nitrogen, while the amloo* 9 oup of the guanidine realdne (aa alao the 
NH group preeent In the peptide linkage) la not attarlmd. Koaaal 
and CamerMi (py) acted upon dupelne and aalmlne with nitroua 
odd and found that no nitrogen waa evolved by the {wotamlnoa. 
The c*ainlno<group therefore waa combined In the molecule and the 
amino-group of the guanidine nuoleua waa reaponalble for the atzong 
baalo reaction of the molecule^ and eilated In the free atate. On the 
baala of the peptide theory the followlog atruoturo waa Indicated . — 

. . . CO-ira— CH--CO— NH— CH— CO—NH. . . 

tjft (jfH, 

NH-C-NH NH-C-NH 
lllla NHa 

The edatanee of a free amldlne-group in the protamine molecule 
la aupport e d by other obaarvatlooa. 

The fotmol dtratlon dovlaed by SOrenaen (i8o) aupporta thla reault. 
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If fonnaldahyda li allowed to react with a free ooilno-gnnp the fol- 
lowlog reaction takea place i-~ 

R — NH. + CH/} -»>R— N- CH, + HA 

The omlno-gronp b *ltfnln*iwH and Ita bo^ty dbappooia. If an 
add group ta preoent of which the oddity before the action of fonnaldt^ 
hyde wai wholly or portly neutmlbed by the omlno-group, Ita oddity 
b mote raodlly reccgnbed after removal of the omlno-group, and It 
can then be determined by tltratlan. A free omlno-group belong- 
ing to the guanidine nucleua doea not combine with formaldehyde 
(Sa r e r m). It can thua be oacertalned In thb woy wbethor the boilc 
nature b due to a guanldlno group, or another omlno-group, or both. 

Kernel and GawiUow (pS) aubjected a aeriea of protaminca to thb 
tert. Qupehu^ — coregonlno, aalvellno, and ecombrlne (mc- 
In the form of the aulphatea) ahowed no formol-tltratable 
rdtxogen. Thdr baaldty cannot be due to the o-omino-groupa of 
omlno-adda bound In the protamine molecule and muat tbotefore 
depend upon the guanidine group. A terminal a-amlno-greup cannot 
bo preaent which muat be the caae If a pqrtldo linkage b aaaumed. 
Thm b therefore a difficulty In following up the peptide theory. 

Amonp^t ibt p rot min ii of Uib f *i*"*«* g mop fjhaa 

only ooB to bafam atncmally. hi thb cooe the nttmgen naotinf wtth 
tlopnalMiyde eaw a n ta l to p« oeati d Os total nlhu gea. TUa leaatt 

>»■ e— •>r> 4infnrtH— nf fwaimliMjy 

The behavloar of certain protaminea which contain lyolne unite 
b very different The p raae n oe of a reactive amino-group In theee 
b dwwn by the action d nitrous odd aa well os by fbrmol tltradon. 



Cyptlnlne which contains more lyilne rhaw eturine or crenllabrlno 
ihowB a hl^iiar content of reactive amlru-nltrogen. A d^nlte pro- 
portional ratio was not shown by the two aets of data. 
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Snonlof fteUribariaatataim^iliia-AwariMd/M), aln. Ihagr 
BtOBW ufniiiny idwwcm nzuOui ■BbIi i ho jjvdb ODmBxmiif pntnvDO inHii 
wnpminrti irftfa fannaMriiyda aad can ba tttrmtad by fcpnol ; arfn ranrint. 

It li not Tat aetlala lAattMr Ba IjBdb bound in Ba IdglMr baa 

ona or tm ftaa anfam^reiQk It miat not ba aBonad Bat Ba noda od 
ItakaBBof Ijalnain jnWiialaBaBinalnallof Ban. Tfaa aalOB Band Be 
atarina (IvB fnmnd Br Ba aaaon^Ba ed too naottva amfno-gniafa on Ba 
ly a ia a boond in Ba protoia CMi>i 3x)> ■ 

ThoOB data an In good agnaoant iHB an otiBr abaBmttan far Om^ 
andHaaniao(i6a). If oaaBlnlitnaBdi»tBnitrenaadM,l}ainaiinot|— i t 
among Be pindniita of Ba anbaaqnaBt hjdmljBa. Atlaaat one aailu o-gni up 
of Ba IpBiiia bound In Ba pntaln la BMBn In Ba ftaa alnlB. 




The nunnor of tbe oatr7 of n nltro^ftonp Into the ptotamloB 
molnailo alao fits In with the uninptlon of n free gnnaldlivi group. 
KobbI and KeonainiT (115) pnpand the nltro-derivattve of dupefu 
by grinding dupelne i^phnta In email portiona irith an Ice-cold iniitun 
of fdind«din ^-T% tp d ftimlfig folphuiic tnHdii fmolog nltflo 

add, kaeplfig the mixture well cooled. On dropping the maB into 
icoHnld water, the nitro-product aepaiated aa a white pndpltata. . 
It ia aoluhle in alkalla and repredpitatBd from the aohitiOT by adda 
and can be purified in thia way. It glvea a bhiret reaotion and ylelda 
nltrooiglnlne on hydrolyda. The latter can be obtained by the 
nltratlmi of aiglolne and la probably a der i va ti ve (A the aaymmetrlo 
nltroguanldlne prepared by Thlde (183). Tbe guanidine group of 
dnpehia *bua bohavea 00 nitration Juat like the guanidine group of 
aj ^niim. Nltn^dslvativea with aimilaf properdea have alae bean 
prepared from — (195) and atoilne (piQ and from all rdtroaiginine 
wna obtained aa a hydrolyde product. Similar nitro-derlvatlva can 
be obtained from the hi^ier pfotdna (Road and WeiaB, gg). 

On the aBumptloa that the peptide HnW«g occun through the 
C4inino<grDop the entry of the ndtro'^roup into the arginine xeeldue 
can be repraented by the following farmuho ; — 
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FonmU I. can be rejected ai amlthlna can be farmed from It 
(eOB below). From analogy with nltrognajildiiie formula IIL la the 
moat probable. 

At pnHtt only tee pnitefai miKa Mdea eiitiifaie an laKnmiriikfa take 

tm ailitn».glllBply nlfa »M nn irf tmly iyiwliia 

7^1 and ^etalily pliaijUleiilDa (Keonkl and SMar, 13^. NaMar aie 
;ln dapdiab 


Theae nltiD-derivativeB undergo a remarimble ehange under the 
Influence of ulkalla. The amldfaifrgioup of guanidine la deeompoaed 
with the formation of carbon dioxide, tninonlQ. god nltroua oxldo. 
Kernel and Welaa (voved that the decompoaltlon of nitrated pro- 
talno occurred In a wi^ to the decompoaltlon of rdtrognanldlne 
obaeryod by Thiele (183), 

NH-nNOa 

<^^NH+HaO -► C 0 , + N ,0 + aNH,. 

According to formnla III (obdye) the reaction can be napreaaed In 
the following way ^ 

R-CO-CH-NH— R* R-CO-CH-^fH—R' 


I 


im+HaO 

l^H-NOi 


1^+coa+NaO+NH, 


SomA uul WdbB pravod tha Identity of the evolved gu with 
nltroue oulde. The UDonnt of dtroua ozldD cacreeponded to the 
idtfe tlot i of ibont 90 per coat of the ezgliiliie proMnt In the clapelne» 
Inthkwey the vgfailne bound In the protein ledqnived of Iti emldlne- 
gronpi while the ornithine portion remalne in combinatloA In the pro- 
tein mn le enl ft Thb wie proved by KomI end Welai by laoletlng 
from the roectlon ndzture e protone-Uke •"tia fnnf** which on bydrolyile 
with holHfig nlpfaurlc edd yielded ornithine of erginlnoa 

The reeotlon proceedi In the eezne wsy if initeed of lodhini 

hydroilde ects opon the nitmted chipelne. 

Before tbeN mw e nrh ci wore commenend, it wee known that the 
emldlne-gnnip of guanidine could be removed ficom ^th 
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Nis pro t ain mnliwilw vltlumt dastroylag tbe rohadon of tbo iriiola. 
Rowel uid Dsldn (84) nroninad a reactlfwi product wblch bad been 
obtained Iran dupelne nlphata by acting upon It with an satnct 
of the muoouB membiane of tbe mall Inteatine for many mnatiM, 
It was a protooe-UlGB aubataoca and It waa aepaiated from tbe other 
naction produota and from free omlthlna. If thla “ /i^lupeoDa " waa 
lubjectad to add hydrolyiia a cooaidenble amount of onilthlne aa 
woD oa arginine could be dete cte d among the produete, whenaa under 
the wme eonttirinna DO onltlilne waa fomuMl from dupelna. The 
cauae of the reaction wu not at fliat dear. Kcwd and DaUn thought 
It might be explained by tiie action of an enayme dmllar to atgbiaae, 
but the reaeanhw of Koaad and Welw (39, &>) ahowod that alkali 
acted b the nine way, 

Tbo aqperimant ana padonned in the loDowlng way : Onpeliie wbhate 
ww dlwdTad la Kh baryte and dlfated at 40* for ao daya. TUa xadnoad 
tee letetery puma laamaDTahie. AeabatauwaiiUohfailHmdHtooIiipecoe 
uae la a djltete d ham the leaetkai lulater e by tiie a&fer b ar yte meflind 
(p.j), Ptee ocnltfafaia cocM not be praaent to ttti proripltehp nnoa It la not 
pc Bol plI ited In -BriiwMy. bet ltd O- iaiillhlii B waa tamed from ttJa pnrtp l U ta 
oneaMbydiolyda. TMeraaahledtDtliencodationtfaataparteltheergfailiie 
In the ppff***" la oonfwtad to onUiifaie atill oombliiBd In the 
by the tnntnmt with albaH, 

All tbeae facta famur the aaaiiinption that in the protamlnw eo 
far eaamlned than la a free guanidine group not taking part In the 
poptlde Uniting, They are abo of Intenrt from tbe phyddoglcal 
podnt of view abice t^ ahow that a urea-forming group la looady 
bound In tbe pro te i n mdecule and that tbe animal organlam need not 
break iqi eomplately the atnictun of tho protein molecule for ^ 
formation of urea. The una can be taken from the protein mdecule 
without breaking tbe pqitide UnUng. 

Shhafudil (133) bne leea nJUy ehidleil tUa iwotion nd tamd Oat tiie 
deeenqndtton d the eiglalBa boimd la the pntoln Ota alee be bnqgbt efaoirt 
by elUl in the pnaanoe id oodlam hypoohkdte and bypdmmlta. 

Thla dlaeuadon ralsw a abnllar queetion with regard to lydna 
itiiathcr one or both of Ita omino-groupi ore free and not ooncerned 
In the Intramolecular UnUng. About tbk there la a difference of 
opinion chiefly owing to the warled nature of the itructune of tbe 
protelne (iMa, 31). Among the protaminee iturina baa 

leeaifed the meet attootion, and In tbla cue anolyaw lupport tbe 
iwomption of two fteo amlno-jronpe In lydno. 
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Anothof method of mtlmatlng tho roaotiyo tiltmgMi. eniitdnlng 
gnrapi In the protein molecule li by the determlnntloti of ttie alk;^ 
groupe vUch can be introdnced. Skmup and Krauae (163) and 
Skmop and B&ttehor (164)1 ae In the neeaichea on the action of nltraua 
add menthmeri above, atarted irlth tho Idea “ of maMng chemical 
ehangea in the protein and then determining by hydrolyili upon 
irtilch groupe ndi ehaagee bad occurred." The higher protelna on 
metbylatlon were found to undergo lodh a change that tyroelne, 
lydne^ hlatldlne, and arginine aa eueh wen entlrdy or partly abeont 
from the prodocti of bydiolydi. Rogo ^ n a ld obtained ■tmllar renlta 
with chipelne (150). 

Henlg and Landrtdner (6a) the action of diaaometbane 

on vailoai protelna, and eatimated quantitatively the methyl groupe 
taken up by nitrogen. They found a higher vidue for N-methyl in 
the lyd^iloh aturlne than In the higher protelna. 

Bdihacher (aj, a6, a;) ayatamatically eatimated the methyl groupe 
taken up by the nitrogen on metii^atioa with dimethyl aolphate a^ 
compared N-UnUng of methyl groupe with reactivity with formalde- 
hyda The eaaimtlal port of tbeae inveatigatlona la aummarlaed in the 
fdlowlng table 


a. 


Qaktin . 


OkiUn . 
Z«ln 


(iiiliiiiiool too 


IlmuhriiM 


tema) 


S*4 

5*S 

3*9 


» 9*9 

ie>i 

U 


* 3*0 


ice 

*4*® 

* 4*0 

9*® 


+ 

+ 

+ 


+ 

+ 

+ 

+ 


" RumI N* npKMwdi tlie ot elUugw f*™— tAkli 

with fanehUiydetiyBannaaa’l method. Tim " N-Mitii^ ” mtaibv ti tlm 
nembwof meSiid P* >®® dtiogm ■tona aUuh oanAfam iiltii nttngn 

cm edmattf* WmtoMnt wttii dfanedid n^hate in altadfam nfaithm. Tluw 
nembma do net Aov the dMdbettan of moHijd peepe <n IndhUnal idtngn 


Edlhacher’a reaulta ahow that In moat caaea the protalxu which 
react with fbnnaldefayde and with nttroua add are capable of 
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00 methyl groupe tho cooditione employeda Pro 

lyrine on motliyl groapo, eyprlnin^ the richeit 1 
on the molt, l^^rine*£ree protdni with certain ezcep 
and mlmlne) an not motfaylatod under tbeni oondi 
excepdoni on nmaffcnhle dnoe the dlffennoei cannot 
by other miitiiorfa of Inwtlgatlon, 

On hydnlyib pntelni form nmr amino (and caiboKyl) gk 
The methodi of SOnoien, van Slyhe^ and Edlbacher would be oipoi.^ 
to give higher valuei with ■ihiimnaw, peptonoa, and peptidce than 
with the original protelm. TUi la, In faet| the caie. Fomiol tltn* 
tion, and obo the tltzadon method of WlDatlttar and Waldachmldfr’ 
Lalti on convenient and uieful methoda its following the coune of 
pntein hydrolyaea. 

If protamlnea an treated with add ehlorldei In tho pnaence of 
aOcaU, the nactlenii not confined to tho free amlno<groupa. Tbowoifc 
of Hirayama (64) menri o ned below (p. 63) provea that the imlno* 
nitrogen of coinblnei with tho naphthalennaul p honle group. 

Bueneaulphonlc chloride and jS-naphtbalanoaulphonk ehlnido won 
uaed by Hlnyama, alnco the extent of their combination could bo 
eodly calculated from the aulpbur content of the product of the 
reaction. Ihe number of oojd groupa taken on per 100 nitrogen atomi 


Ctaptlat^ p*— 

By tile eetion of naphtiialeniilphonln ehloride . 14-13 18*3 

h e n iB u e anlp laiole cModde . . 13 **’ 4 ^ 

Hui woric waa oontlnued by Edlbaoher and Fhcha (ap) and ex- 
tended to tho higher proteina. They found the following numbor of 
naphthaleneaulphonic groupa for each 100 atomi of nltrogon : — 


In c lup elne .... 

In — z8« 

In itarlM .... xfl<o 

The higher typical pioteini gave lower valuei : — 

O ah ti n 13*3 

Canrin 117 

Kdartin tr* 


The atron^ bailc hiatone gave a value I5<i, which Ii clcae to the 
protamine valuea All theae diffecencea appear trifling compared to 
the big fluctuadoDi In fonnol and N-methyl valuei. But the numbera 
Increaae on hydrolydi. Thua Hirayama ahowod that for overy 100 
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nitrogen atonii of dupflOBo tiiare mre 43 napbthalaiwwlphoiilc gnmpi, 
or for evary 9 nitngon atomi 3*9 hyd r ogen ntome can be nbetltutad 
by acyL^ 

The Mme querthm reganUng the portion of arginine in the prata* 
pitna moleeule appUei equally to biatidhie," Le. idtether the imlnaaole 
group of the hiatiiHTie«con tuning protamlnea (iturlne and porolne) 
CDoati bi the free etata and taloa no part In the peptide linking, 
Co mp a tia on of the boaloity of the whole protamiiM molecole with the 
relative pcoportlooi of the baila unite (a method which baa yielded 
dear re^ts in the aalmlne group) gave no mHable evldcooe with 
BtDiina^ aa the baalclty of the ifnineiolw group ia very feeble and it la 
atlll doubtfol hew many free amino*gnnipB can be aacrlbed to lydne. 
The lydne-ftee perdne baa not yet been eiamined along theae Unea, 

The behavlonr of tiu hlatidlne combinad in the protamine mol^ 
cole mnat be wwmined. If both the catboiyl and amlno-groupa of 
hlatidlne take part In the peptide Unking (R, R^) aa with the other 
amino^dda of the protein molecol ei the afcnuitural formnla for the 
hlatidlne contained In the protamine la aa foUowa : — 


R 


OC-A-air-i— 

^ W («) 


HdllW*^ tbft pTWitifn 

of the hnlnaaole n o deua in the protamine molecule. Oiu reaction la 
the oonpUng with dlaao componnda and the other la the oomblnbig 
power irith Iodine. 

Faiil]r’a eKparlmenta (isy, 140) on the d!aio>cxNipUng of hi«riHinii 
iriiloh la baaed upon Wall^’a obaervatlon of the formation of a 
coloured wbatanoe, ahow that it ia dependent upon the fanlno-group of 
iminainin being frM U the hydrog e n atom of thla Imlno'group la 
replaced by an acyl group, the diaao-ooupUng doea not ocour. 

Pauly proved that the hlatldliu combined in the aturlne 
coupled irith dlaao<oompoundo in the aame way aa free 


>Oaifea 


■Fudr(>9B) 
vltkaa alnfa 
■adKnOGplTSa). 




to (te feypcOaltad tamk dipm, m 

I (teat). 

tkttM oomidHd ui tadMaoto rtif oaotUMd 
w eoBamod br Ekbp aad WlBdttM (na) 


i 
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Late Hlnyuna (64) found that thk eoopUng ^ did net taka pin«^ If 
bomaoenlphonlc Of n»pti*4«*lwiiwi1phftwlp groupa had baan Intraducad 
Into tlia iturina pcavloudy, thna depriving tba imlnoanU Imino-group 
(tf Iti hydrogen. Faoly oonnlnded from Ua ezpwlmaata that tha 
Imlno-greup of linlnaanla, l.o. that group which oould fonn a peptide 
linkage, wai pr m an t In tha original itorine In tha fraa rMctiva 
Thli conolurion waa eenflfmed by Hlnyama'a work. GerngnM (47i^ 
ahflvad that a hlatldlne aate aaj^aM on the Imlno-group of the 
Imlnaaolw nnolaua waa falriy aaally dacompoaod. A peptide linkage 
at thla pob^ tharafon, probably doea not fonn. 

Ikaly (lA isq) tea a aemimul Iba ladoderivaltea of «■»««»■»»? aim 
hkttdlBa end atfanalBd tta alwaptlai of lodfaia on ladtoalfaig the fanfaiBaila 
giDiva pnant In UatfaUna eejlatad on ilia idtngM In ttw alda dadn (banao;^ 
iMdiiia and nttrCbaiBifltaMidfaia) and In Uatldfaw aohydiUa. ■ 

of Ilia nanlta wUi Ilia valnaa te Ilia ahaiayUuu of lodliie by afanliiB A u a ui l 
Oat th^ wan aa laige aa ttuao te the WbHdlae dw i v nU vea la wbkih dia 
bnlBaaole fillip la left Itaa. 

1 My ( 137 . 144 bdlaw Ite te tataa-gRMp ettba Imliiaala lattMlat poliit 
of ittuk of tha oDtaHknalBg fnnp^ bat tbat ttnUaf vte oBiln foDon irilh tba 
l o nMU Ba of fane a M a nmpn a iMl n 
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THB mSTONBS. 


CHAPTER L 

nTAPAffi-itBiHriirH OV IHB OB0DP. 

T&a hlrtonw differ fram the ptotamloei In hevlog greater variety 
in tile unite. In tbk napect t^ are more like the typical proteins. 
Utey fonn a group of eohstancee containing members of different types. 
The membeiihlp of a group must be decided on the baris of knowledge 
of chemical atructure. The limits such a group ere always aiUtrary; 
for It must be aumnd that there are trandtlon forms reeembllng 
jmtsmlns and transition forme leaembUng the complex protalni, in 
wfaldi hario groups do not control tiie nature of the molecule and It Is 
a matter of chofoe whether or not such tranddon forms are riamed 
•a hbtoaes. 

TV meat itfiaHa thmmttnUMt tf Ou kUtaiua it iMr haifo Mlure 
wUdi la due to a jnspandatBuce of free amlno*groups. The high 
mgki i i u tmUml of die hlstonea makiw it pnaalhle to aaaiinie, from 
analogy with the pcotaminea, that it la probable that the baalc pro* 
pertleB an In gen^ cooneoted with free guanidine groups. On the 
other hand, the eilaimpn of higher proteins rich fa kiiHdina (e.g. 
^obta) and also the analogy with certain protamines raises the question 
whetbitf In addition to free guanidine groups the free lmlno>^oup of 
the Imlnasole nueleus does not behave In n ■Imllcr way to the amino* 
group of guanidine and whether globln should not olio be considered 
ai a Uetone. The separation is purely eibltiaiy. 

Owing to the impafoet Inti^ the Internal itructure of the 
protein molecule aatemel properties have to be relied upon for pladog 
a protein In the bistons group. One would base the damlAcatloa 
upon one or moto reactione by which the hletoDBi could be dletingulahed 
from the other protelne, but such a reaction k not known. The hie* 
tonee ore chameterieed by the cencurtence of seswwl propertiee and 
reactione, whldi, however, ere not atwayi aD present. 
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ThoBa mctboi and ohataotarirtlci ora gtvoii balov. E too 
■tfktly appUad, almoat evaiy ooa cAa laad to faka conelaaloitt, ripew 
dtbar th^ an oonarionally glvaa by otiier pntaba or they fall to 
HQfk vlth acHiie hlatonaa. 

(t) According to proaeat Ideaa, a protaln li ragarded aa a hlitofla 
fram tba multiplicity of Iti unlti Ilka a higher protein and at the aama 
ttnm £rDm Ita baale character. The baalo cbaimctar flnda iw p fw— l < iti 
In tha poaltlott of tho laoalactrlc point In tha range and In tha 

capacity for combination idthadde. The latter can be qoahtltaUvdy 
datannlnad by analyih of tha aalti and by electrometric titration. 
Tha laodaotrle pdnt and alaotroinetile tttradon tnethoda hava at 
preHot only ban applied to thymna hletona. 

(а) So far aa our pneent knowledge goee, a high arginine content 
moat bo coulderod aa a ganoral charaeterlatic of the hlatonea. Tha 
aiglnloa nitrogen content amonnta to 19 to 50 per cent of the total 
nitrogen. 

(3) Tha hiatonaa form atMilni^ aolubla componnda with non* 
hlatono*llke protelna which behave almllarly to tto protamioo com- 
pounda alroady daecrlbod. 

(4) With an axceea of ammonia a hletona aolutlongtvoa a precipitate 
wUd la n^ddly tranafonned on atandlng with tba pred^tant Into 
an loaolubla modification of the hiatona. Certain Matonm do not 
ghra thla reaction. 

(5) Tha hiatonaa an predpltatpd by alknlddal pradpltantB in 
nmtirtl nki ti on. 

(б) By tho action of pepaln*HQ “ hlatopeptono," a baale peptone* 
Uka brealnlawn product, la formed. 

(7) Tha have ao for olwaya been found In combination 

with nucldc adda, often accompanied by other protelna. Compounda 
of nucleleaclda with protdna are generally called nudeoprotalna. The 
nucldc adda can cooiblne with the typical oon-bado protelna aa well 
aa with the atrongiy baale protamlnea and hlatmUB. In the latter caam 
the ealt-Uko character of the compound la eepodally doBnlte. Thla la 
ahown by the fact that the baae can be dtaaolv^ out from the compound 
with nuddc add by a atrong add, dnee the nucldc adda ore diap l ace d 
by atrong adda. An of thla la provided by the apenn heoda 

of varioua ■nimak. In certain fiah (e.g. Gadldc), compounda of nucldc 
ftfttde with hiatonaa ate pneont^ but In mammala tho nucldc adda an 
combined with otbor typea of proteiaa which pneanaa no marked bade 
propertlaa. In tho firat caae tlu proteinB (hlatonea) an dlaadved out 
by hydrochloric add. In the latter they an not. By the prolonged 

5 
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■ctioa cl ■pdlum ohloride tlie compoundi of tho midido tddi ulth tbs 
Uitoaei nd protambM are ao altered that the basic proteins cannot 
be BKtmrted irlth adda Than changes can be partially reveceed by 
inahfaig out die sodiuni chloride (Banus). 

The grouping of the histones with the protamines la the raaiilt not 
only of their chimloal propertlea os basic proteins, bat also of their 
nnmtnnii t wlorimi CO nhiff COnOtitUenti cf TUs Is dls- 

ouased In more detail below. The combination of the blolo^cal and 
the chemical om^deratlons gives an Inri^ Into the nature of this 
Hnohnmlcal group. 

The JadWdwil — In the chemical composition of the 

Ushmes there are aome structural relatloiis, and hence some properties, 
by which they can be dlstingulahed from the other proteins, while 
otiien are common to both. The latter will not be dlseuned eacept 
Incidentally In the fUlowlng diapten since a consideration of them In 
detail would mean an eatenslve description of protein chomlstiy which 
doee not cdme within the eeppe of tbii monograph. For the iome 
reaion dw analytiGal methods which aim at elodd^on of the histone 
mnleniln will not be dealt with. Theee wiiehnHa on not different 
to tfaoN usually applied for the typical protdns. Finally it cu be 
stated briefly tiiat the Uitones eantain besides the baaea, aiglnlna, 
hhtldlne, and lydna^ the moooamlno^dda of the usual protalns, that 
ammonia la formed—^ mors or leas large quantltlei — on add bydro- 
tydi, and that they give eaeeotlally the mme predpltatian reactions 
aa the typical proteins and diaplay cdllnldal character In lelutlon. 



CHAPTER IL 


TEE HSIQNB OV IBB BBCIIHBOCSIB HDCLSDB. 

Ttan nbituo^ the dltcoraiy o£ which In 1B84 led Kowl (74) to 
fomnilata the group, wm obtained from the rod corpuadei of gooM 
blood. It k preMot oa a aalMlke compound with miclelo add which k 
Inaohibk In water, but which haa not been frirther eaamlnad. IftbcM 
blood oorpuadea, kolatod in the ordinary way, are treated with water 
and the Inaolubk mam of nucld remaining k placed In dilute hydro- 
chloric add (after it baa been waabed with water to decokriao It), all 
the bktone goea Into aoiudon aa hydrochloride. It can bo aaltod out 
from the aolutloo by aodlum chloride and than freed from aalt by 
dlalyde when It paoma Into aolutlaa again, if thk aolutlon k concen- 
trate at low temperature and precipitated by akobol with the addition 
of ether, a watereoluble prqMiatlon of (ho hktone hydrochloride 
k obtained. If the watery aolutlon k treated with ex ca aa of ammonia, 
the hktone k co n ve r t e d Into aa Insoluble modification. 

Iho neutral adutlon of thk hktone aalt k predpltated by more 
or km complete aaturatlon with ■mfnnntinii aolphate, ammonium 
chlorkl^ maipiMliiTn fulpbato, aodlum chlerldo or aodlum caibonote. 
The aolutlon k predpltated by lime water and aodlum bydroside 
barids ammnrnlaj but the prodpitata k readily oolubk In oaoam of 
aodlum faydruilda. Nitric odd produem a predpltato which dlmotvm 
on warming and comm down ogab on cooling. No coagulation occurs 
on boiling the aqueous solution. Hio aqueous solution glvm a Uurot 
and MlUon reaction.^ The predpltato brought down by ammonia 
contains 5a'3i per cant C ; 7<09 per cant H ; iB>46 per cent N ; 
0^5 per cent a^ 

From Adentmann's Investigations (4) it appears that tho hktono 
In the erythrocytm of bird's blood occurs In salt-llke combination 

HhakidMlpMilsMdthe lrjylu p lii arw cUnn iiwwiiTinmyiMhiy.poaJily 
oeliil te cml sj ii hi il lm wttfc othw pwMn wiim a ii om 

a* 



THE PROTAMINES AND HISTONES 


irith midoic add. AckonDion uMd tba niidwar Bobatance of the 
oythrocytBi of hoi'a blood, laelatod by Flangda method and ex- 
bacted irlth alcohol and ether, for a determination of the nncleie 
add by intimating the phoaphoiua. He found that lOO grama of 
the drMnudearaiibataace contained 4p‘i6 grama nucleic add. Fttom 
tba total nitrogen of the nuclear aubatance the nitrogen left after de- 
duction of the hlatone nitrogen eofreqwnded with the aaanmption that 
100 grama nudaar material contained gnuua nueMo add and 
S7*Aa grama hfartona^ and that no appredable amount of any other 
tdtrogen-contalnlng aubatance waa pra e en L 


CHAPTER IIL 


THE HPT OWB OV XBB THyWDB GLAMD QP IBB C 

Ite Ultone li pmant in the calk of the thymua ghnd 1: 
tloa with idd, but thii compound li, hi dlitlactic 

of the Biythrocyte hktmj aohilite in water. LIHenfold 
prepared from an aqueoua estraot of die thymue i^and a aw, 
wliidi contftinod the hlotooe In mlt-lilEe oombinatfon with nueU 
It la known aa “ nucleohlatone." 

A. Tha Nodeobiatone of the Tltjimio Gland of the 

Calf. 

AooDcdlng to LIHanfeld the aqaeoua extract of the lymph cella or 
of the whole la treated with acedc add. The pi^plbita Ja 
dfaMihred In water which haa boon made falntfy alkaline with aodlum 
oarbonate and again piedpltated with aoede add. The predpltatef !■ 
again purified In thla way and then dehydrated with alcohol and ether. 
The nucleohlatone la thoa obtained ai a white powder. 

The aubetance prepared by TJlIeafeM proved to be Inaolubla in 
wate but eolubb In eolutlooa of eeveral noutral aalta and of aodlum 
carbonate^ sodium hydroxide, and aniinonla. From those aolntlona 
it waa imelpltatad by aoetie add and by alcohol. According to 
Gamgee and Jones (45) the faintly alkaline e^tloa la dextro-rotatory, 
Bf the aotlon of dilute faydrochloric add It la decomposed with the 
formation of the hletona A protein and nudde ^d containing 
nriduo, which UUenfeld called '* Isoconuddif," la ako formed and 
from thk a micldc add with a pho^ihorve oontant of 9-9 per cant, 
k obtained by mote drastic action, 

LUlaofdd’a itatemeati were oonfiimed and supplemented by 
various antfaon, first by Maleogtean (laa) and Rang (7, 8) and then 
by the fundamental work of Hulskamp (dd, dy, d8). Tbo following 
ate ihe moot Important resnlta i — 

(i) The nudeohlstone ahowa addle and boile propordee (the latter 
due mainly to tho histone portion). The addle groupo pn^ominate 
10 that the wholo nudeohlstone behaves as on add. 

Ob 
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(s) TUi b diown by the fact that in nantral or feebly add aotatian 
It movea to the anode ai a negativBly changed Ion. It b depoalted 
at the anode from the solution of Its sodium salt Thb deposition 
occnn iritii the sodlnm-frae “ add " of the nudedhistone vhl^ gives 
the same qualitative reaetlona. The caldiim salt obtained from thb 
elocirolyUcaHy obtained product gives, on analyds, the phoaphona 
and nitrogen values of the calcium salt of mideohbtone (Hubkamp). 

(jD The sodhim salt of the nudeobbtons thus qjpeaie H In 
so hi tioo. The same appUea to the other edlublo aalta of the nndoo- 
histone. As on add the nucleohiitooa can take up still mora added 
hbtone. Thb happens if the sodium salt of the nudeohbtone la mixed 
with nudeohlatone hydrochloride vban a hjibooe>ridMr suhatonce b 
produced vith the fbnnatloa of sodium eblotlde (Hubkamp). 

XnaUo Add. TTktnee 

O ri g tn sl mioleohbtoae . . . 6o par cent <fo per ooit. 

Bbtaaerkh so l ielsnae • • S8 „ Ae 

( 4 ) R the electzolytb dimodadon of the dbaohrod nudoohlstono 

solb b depiemed by the addition of equally innb e d dectrolytei, 
their solubility b dlmlnhhed. Upon thb d*p*mdf the formation of 
the precipitate vrfakh oocnzs in a sdutian of the sodium salt of the 
nudedhbtone If sodlnm chloride b added until Its content reaches 
0 ^ per cent, bo 0*9 per cent. More sodium rodbsolves tho 

ptedpltate (Hubkamp and Bang). 

(5) Under certain condltloos the nudeohbtone forms Inaolubb 
asha with the alkaline earth metals. ■ Sudi a salt b formed by donbb 
^boompoaltion If a aohitlan of the sodium salt of the nucloohletone 
b L rt ^ted aith s uffic ie nt ralrium chlotldo to produce a concontration 

0*1 to o*s per cent Since the aqueous ntiact of tho thymus 
cnnt aine the sodlnm salt of the undoohbtone, thb prpporty b 
often ntlllaed for the preparation of the 

(fi) The n odenhb la n e prepared by UUenfeld was found to bo still 
impure. It was mire d with a phosphoros-contBlnlng substanco which 
co nt ai n ed instead of the hbtone another protein richer In carbon 
and poorer In nitrogen. In the papers mentioned thb substanco was 
generally refeiied to as “ luieleoproteln,’' 
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UU^ ill odiiina alt Tlrii imele iJiMut B iu doMaotilimr tta diw o faa irtlD 
pm^iUildlly bjr par ****** fw^fcrwi i^iiaddB mootloiiid ttam ior tlw 


(7) Accardlng to Huldcunp tbs lubstance whao freed from thli 
nndaoproteb etlll ceimot be regarded oe homogeaeoue. It can be 
leparated Into two nucleohlatonea (a* and ^-nocleoblitonei), one of 
which, with a pboephonii content of 4*4 to 4>5 P« cent., is more readllj 
predidtatad than the other by 0*6 to o*9 per cent aodlom chloride. 
The other contains 3'04 per cent phos|dianis. Both are rich In 
iitarntia. On the basis of a commcinleadon by Bong on a nucleohlstone 
prepatarion, Hulskamp consldored * the posrihiHty whether the «• 
n nrWihlMfi^ n or oven both the nucleohlstones shonld not be still 
regarded os mixtures of suhotances with different high phosphorus 
oontento. 

Even if the nudeohistaoB has not yet been established os a chemical 
indhrldnal, the following analyaes of this enhstance are of valoe for 
a general oharacterlsaiJon : — 



Hulskamp found the following values for tho "■idiim nit of the 
nudsohlstone ; — 



The prepacadott anslyaed by Hulskamp was free frmn the nitrogen 
poor " nucleopratein X," but condited of a mixture of the a- and 

1 Tbs nWniM saoljnd WshU wu prapsiHl bf JoDovliii ctaefr tiM dboo- 
ttn ol tnimiMA. Hob dm sstaBilly ™«— tlw qaaMoa st ahw or sot tbs 
pwi|SlslB k B henoiBwea «*snrtml fasttvidosl (lyj}. 
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/^iwiclnohktninw. For the prqiantlon of the naloliim lolt of the 
nudedhietoiifl, HuUouiip predpltsted the tl^mui oitxaot by o>i 
per cent oalrhim chloiido. TIm prodpltata was dliaolved In viter 
with the eddltion of a few drepi of dilute ammonia and reprodpltatDd, 
after hltiadon, with oi per cent chloride. The predpitate 

lawaibed tbrloe with alcohol and then with ether and dried at no* for 
aiudyrie. In tbliwny the calcium ealt of the nucloohlrtonele obtained. 
It |lwoi up Iti calcium to aeetlo add. 

By repeated pndpltathm with caldom chloride the Impurity of 
qndeopniteln X li removed. Bang attained the lame remit by 
predjdtatlon with od to per cent, eodlom chloride.* Steudd 
(17^ obaacved that edmreohible mbetaocca, which caueed a cloudl- 
nepn, ate premot In the aqueoui ffitrart of the tfaymna ^and. It la 
nnrimnry to remove theee mbatancei by extracting with ether. 

Ae already fnwttiiwuid abovey the eiilt-llIcB character la otyodally 
maihed In tboaa nudeoprotalna which contain bade protalna. The 
compound of nuoldc add with protamine waa pr^oualy called 
"protamine midde add*' (Mlemher, Schmledberg) and nudeohletone 
" hletone middc add " (Ban^. Varloue teaaona were advanced for 
tiioM Ideae, fint by Bh^ (Q and later by Steudd (lys). Steudd 
waa the fiiet to (Rsve that tte pho^bome of the nudoohlatone waa 
preoant eidnalvoly In the nud^ add component (thymua nndelc 
add) and In no other form. He alao found fairly good agreement on 
comparing the ardfidally pre par ed hiatooe nueldc add and the nncleo* 
hlit^ (17^' He nhowed that the irtiole amount of hlatone oould 
not be eitracted by abort treatment with hydrocblorie add from the 
artificially pre p a r ed bhtone nndde add nor from the nudeohlatono. 
Only 16*5 per cent, of the hlatone went into the hydrochloric odd 
OKtract from the artifidally prepared hhtame nudde odd Inatead of 
41 per cent, opocted from the midde add content Steudd therefore 
amnmed that by treatment of the nodeoUatooe with per cent 
hydrocblorie add (three tim^ each for half an hour) a leaa ■"ImM* 
a^ aalt of nudde odd with t^ hlatone waa formed bon tho original 
neutral colt and only the email amount of hlatone thua liberated goea 
into aolntion. The add aalt can behave oa an anion and combine 
with other haaea, e^. caldum or aodlum. Hulakamp (67) obtained 
complete aeparation Into 40 porta Uatone and Go parta nudde add by 
14 houra* treatment wltii per cent hydrochloric odd. 

^le work ao far on the nudeohiatone polnta to t h*!* condualon 

■alwU te UiB leepnatlaa of Uw bMsea. 


tatlw 
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thftt tfaa BudaehlttoiiB p rep ar ed from the aqueoue extract of the 
tfaymui ^land by difiereat woiban le really hlobme nucleic odd which 
Ii eonutiiiiei contaminated wldi nucleic odd compounde cf other 
proteliie. It ii atUl unknown whether a oomponnd of nudeic add 
niyi Ugtono li prefuruied in the tfaymue 

B. The Hlototia of the Thymue Gland. 

(a) PrtpMraHm ef tiu Histmu. 

Am mentioned above the hletone can be obtained ac 
Ullenfeld (p. 6 p) from the nudeoUitone, Iti preouiaor In tii 
extraeta of the tbymua gland, If the nudeoUatone le extn 
dflute hydrachloflo or aulpbufle add, or If a aohitlon of the w 
of the nudeobletooe la treated with dilute inlphurlc adi 
thcM condldoiie the nuddc add aqMtfatea and can be raoumed by 111 
lag off or oontrifuglng. A good method for preparing the hlatooe fn 
thymui tlaaue la given by FeUx and Harteneck ( 3 (Q. 

The ttyim gtaad after nooral of adhorlng tiana ii miiieed. neinlp 
li p o ut ed into a wMamouthad bottle wWi a} ttmae Ha wd||U ci (tieHTlwl 
walar and ohalBMi for an hour to eame ttnoiigh mfadiig. It ii aOoued io 
■taad u te ml g lil in ilia ke eboit The ahnort udfam plaHnow mam k 
itia^**^ llfiiig** *»■» «if inii«nii nf. lUjIiwi The DiidtoliklBDe k 

pnaa^pUaiad ftom the lUtaBto by mMMrtg •ami ooble omliiiietna of dOnta 
aaattoadd; Ik a qnanttlyel 800 giama ttu qnanttty to iririeb thakDowfaig 
dgniei niK, le to X5 0.0. an l e quh ed. anffldant baa baan added wbou Iba 
UKi giaj oohnir dwngai to peoil gny. It k flUand timmgb «venl Ifakk- 
nKMiotpaiwr. The dUnia duidd ba qnha doer and only ookandaUghtiy 
yellow; it co n i al na a beak pa p t nn e. The Uqold k taatad wltti aeetk odd to 
maha aoie that tiie mdaoliktona baa been pnotpitaiad eo mp latal y . 

The iid dna on tfaa dlte k twke aattmted wtih joo 0.0, wate by befaig 
dwtan with It kr an boor. Bsnpt that lam aoatk odd k leqolnd tor pn- 
olpttatloa of ***» tiiwiiiinii hiiu M the tnatmant k tfaa — "** aa In ttia fliat 
aatiacHon. 

TlMi imAwlilM tinMUalMliM gpkitaapn^pwHfaalMttawararaad tfafainwd 
by ttw fiirlhoi of boa i to i|' L wator. SOnto a udlun i hydnulde 

(dnnt 3 OA) k added to gke a aeutnl w bahly albaWna leanfkn when tfaa 
oaknr dbao^ book to iina giiiij end ^tfaa uuekohlalona partly diaolvaa. 
AftK tor aaothK boor xo ox. ooDoaitnlad aolplinrio aoU (laovkody 

utto an equal eolnnie of watai) ora addad pK Utn of Uqnld to bring 
about aapaiatton of tfaa nnoUB f bom the hktona. The ine^dtata of 

nnddoaddkooOaofadanaplaaledpapK. ThedltiatBkBllghttyopaleacaat. 
Ifltkolaar, ItooiitafaiihazillyanyliiBtaoe; too Httta ao^ibnik add baa bean 
iMiiti. per fa e dptla tton of ooto Iba leactton moat be ddbdtaly odd 

toanigDied. Tin leddw on the IDkr k ahohan twka mm with 300 ox. 
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walBlnln t 3 op. nonnitimted ■o^plmtie add. Tbs hJstciiB li pre< 
fliB uuuilMiieJ flltiBlBi by mAUng ijatg Ham tbs vsliimo (rf 
gaptrontikaliolBiidslknndtDadfla. Tbsmpnstutllqiddli^lMiiad 
sad lbs iMidna osUsotsd by flUistlun or QsBbd&igtnf . awmm* 4>m> giogiiQ} 
has Airfnrf my, lbs faMuns li diHalfBd In i miiu wctar, tils li 

flitmd qsUdy ^ i^ln pnolpItBtod, If ass mlti for s long tfans flis 

li fal w fa AWSmilH w J IiJ—mwH lltif^. *Hm 

li andid out tildes. .After tiis kit {nd^pititian tiis hWoos Is ddad with 
aiii.ijM'i ud sdur. A wUts dndy powds k Tbs yield anwiiifc 

to «s Id go gnuDS hktoas enlphsti from 1 bg. ipbad. 

Pyom thk pnpuBtkm tbo hktoiis can bs obtained as the free baio 
by pndpitatlng the eolutlan of the hJatone eulphato with anmumla. 
In tide way the “ denatured “ inaninMw hlitone li obtained. Tbla 
change can be avoided by ualng very little Mnwnnla followed Im* 
medlatBly by the addition of nimhni (FbUz gnd Harte&eck). Die 
hlatone then retains Its solubility in water. After two more pndplta* 

tiansfcnmwalBfnndaliinliQlltisfrsitfmfnmlph^iFtft^irifl ftn d nmnuintB , 

Diere Is another method, also duo to Felix Hartenod^ for 
obtololngasolableprqMrBtioooftfaefreebaBB. The blstooie eulphato 
la dlaaotved In water and made up to a known volume, an aliquot 
part la bnMq^t to the pg of the Isoelectric point (pg 8 * 5 i} by addition 
of sodium hydroxide udng cresol rad as Indicator. The calculatod 
a nio u nt of aodhun hydroxide Is added to the iwtn bulk of sohitlan 
and the res ultin g cloudy sdutlan pndpltBted with an e<]ual volume 
of 85 per cent alcohol The predpltate can be filtered off easily. The 
ptuoem Is repeated twice more and the histone then dried with alcohol 
and ether. Dm white powder thus obtained only contains traces of 
su lphite, probably In the form of niph^ ^w 


(h) CompMWim «f As Tkymui HiOant. 

The Collowliig valuee have been fouiul by elementary enalyalB of 
dm hktaM: — 
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ThaM valuai agne vlth thoaa ghran above for erytbrocyta hlitoiia 
TIm omotmta of the baaie l^drolyiia product! era given below aa 
peroeotagai of total nitrogen : — 





HMdbiB 

*•79 ' 

mma/m 

Aigiiiliie 

M*I7 


Mm 



Ammoma 

7.4a 



The variation in the biitldina valnea are in all probability due not 
te-a difference in the compodtlon of the preparatlona but to Improve* 
mfliitB hi tBchnlquOe 

Kntachar (114) detected 6-31 per cent, tiyoalna and 3-66 per cent 
giutamlc add amongst the hydrdyds prodncta. 

Abderbalden and Rona (a) also ladatad the following amino-adda. 
With the exc e pti on of tyrodne the foOowlng values are to be regarded 


aa the "dfitiwl values 

VmCm/L 

Qldna W3 

Alanhia S'4^ 

T-mrinw II>te 

PtoBne 1*46 

nao^alaiilna two 

TTrodna 5>ee 

Gtntudo aahl o >53 


(r) Rmutioni end Gnund PropirtUi of Thymtu HUtom. 

Fdhc and Hartaneck (37) obtained by their method a preparation 
of the hlatbno which, after predpltatlan d^t tiinea aa aulphate and 
four timen with ammonia and alcohol, appeared under the microscope 
to be mainly cryetalline. The free hiatone la only very slightly aduhle 
in water but tho kydrodUorido and ndpk&U are readily solul^ TI10 
foimor in the proMnce of a amall ezceas of hydrochloric add diaadvee 
in 70 per cont alcohol and can be predpltated from the sdution by 
etbor. Tho sulphate la insoluble In 70 per cent alcohol. According 
to Bang, the phoqihato la sparingly soluble, and the nucleate almoet 
inaduble. On'addtlon of sodium plemte to a solution of the hydro- 
chloildo or sulphate, the picrate separates aa a sticky mass. Salta 
of the hiatone are predpltated from neutral solution by the alkaloidal 
reagent! (n.g. phoaphotungstle add, pboaphomolybdlc add, and 

1 Okaktid Iqr dUWwn. 







76 


THE PROTAMINES AND HISTONES 


potMrinm teroeyuikle). Tlw tlTnuii hlftone M saltad <mt by un* 
mnnluiff ayipiia*^ Bodhim chlofld^ ood otiiar nlubla aalti.^ With 
nitric add tfas Mlotion glw a pndpltato which li dbntvad on mnulog 
ohd eomoa down again on cooling. It hoa olroody boon itnted that tha 
tbymui hlotona la pradidtotod by ammonlft. Tbo pndpltatloa li 
InfHiancad fay tha pnwnnro of ammonium chlorido. According to 
Hokkaoip tho pndpltatlon with ammonia la Incomplete or dcea pot 
take plo^ if chloride la preoent. Precipitation la often, thoreli^ 
mode pomfbla by p fwi c ba dlolyda. On riie other hand, Bang 
otated that the pradidtatlon wm favoured by die preoenca 

of ammcnhim chloride, and tbi^ the hlotone woe eoluble In ezcena at 
minflwia but woe precipitated fram thle odlutloa by awnTuynh ifn oalta, 
Uke the pratomlneo, the hlotonea ^ve a precipitate with protelna In 
neutnl oc^tlon, but^ according to Hiriokamp, uily with protelna 
which are odd In choncter and tbarefore not wll^ globln. 


(d) Bisdnijutt cf At StUi ^ At ffidant. 


The aolti of the bletone ore dtmodated In water. Thh b ohown 
on dlolyda, U a oohitlon of the blatane hydrochloride b dlolyied lor 
04 houxa b running water, not only hoa any pomlbb exceoe of hydro* 
chloric odd dbqipeared but obo theooluthm boa a definitely 

a lkalin e reaction to Utniua but not to plt*nniphtiiaiwin But 
hydral]rtio dimodatlon b not oo complete oa to ramove all the hydro- 
chloric odd, Thb b only pnmlWc If the b precipitated by 

oodhim hydroalde. If the ^ booe, which reacta ■ilnJln^i to phenol* 
phthaleb, b dbaolved b eacc ea of oolphurlc add and dlalyaed, a aul- 
phate ta obtained which b alao aHraUfm to Utmua, and from which 
the aulpburie odd can be predpltatad by barium chloride. Tbo 
SQi group b thua preoent aa on Ion. In thb wiy Hubkamp (djy) 
ahowed that the hbtone aalta were dectrolytloally rflMnda t ed . Thb 
wae con fi rmed by hb later work. 

He electrolyaed the oqueoue eobtlon of the hbtooe bydrochbilde; 
which had been dlelyiad and reacted to Utmua, and ehowod 

that the hb tooe wu depoilted at the cathode whOa the reaction at 
tho anode waa odd. Tlie hbtone depodtad b tolubb b hydrochloric 
odd end, provldod that the abctrolyab hei not lasted longer than 
i6 houri, q pall tntlvo and quantitative revealed no change 

(mb nitrogen erthnatioo, p. 74). 


* Utlmiw (zfl^ ddDMd to hm taid Ite ttn «w» tm m 

toto vblWi vw dlWI^Biairf by tMr pnoldtaUBtr on ■Mhw 

vflhUBuuBhuum^teta. Buf pend tth eWa to be tota. 


■at 

oet 
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TMt Isod0etrie P0iMt ef th$ Thymus Histous. 

The lioalaietrlo poliit of dis thymiu Uei In tbv alltMllw 

nglon at p, 8*51 In oontnut to moot protdni iriiltdi an knomi to 
pnw uldio ohanotar, 

FlaUa and Haitaaeok M da tmtiwd tha kodooMo polat by mMa g 
phapiiata baffwa «t aadma IqpdniBa kn o owliatl ona irilli a 1*5 par cwt; 
■ilntlcB of pnxa bbtoiia and nuawlng ttw cboiifB in p^ As Aa iollowliig 
tdds Aom^ Ilia aAUtlan ol bktens oonad tha kirt elia|a bi p, at frjz. 
Fbr Asm flahaia li ia UaBa 4*5 oa ol o>oM II baflor aohillan mto miwfl iriA 
a ox. hkluua aoiiitlan. 







"■ 

P 

8-38 

8*51 

-Po*42 

-Ho-a* 

■f O'OS 


84)0 

ts 

CHoa 
** cra7 

OKis 

8*37 



Tba Aa tidsoltlo pedal ol Aa bi rtona la aipii 8*5t. 


If aaohition ollditDOfl aidphata la adjustad to this P h by tiiB addltiofi 
o£ Hidhim hjdnndda, an bitonaa doudlnwi la obaoevod and on addition 
of an equal volume of 65 per cent, alcohol the histone aapaiatoe rapidly 
In granular form and can be filtored off on the pomp vlthoot dlAcuIty. 


if) Ths I H ' tt fmmi Prrn AMie and Btuk Groups sf Ifo Uimsus 
MAstsAs oud tksir Cbangiir an Hydroiysls. 

The NH| and COOH groups must be regarded as the chief groups 
living rise to loos. But the fanfoo^roup of the hnlnasole In hlotldlne 
and the OH group In tyroalne mutt also be taken Into account The 
poariblllty ^t other groups aet in tfala my Is not emluded. 

So for only some of the methods 'wfaloh were used to dfaUngiilsh 
the p re f o rm ed groups giving rise to lone in the pcotamhua (p. 53) 
have been applied to the histones. ,Such ore the elimination of the 
amlno-groupo by alcohol in WlDstiittec and W.-Lribi'a method, by 
Sorensen’s formol dtratlon or vanSlykeTs method, and the estlinatlon 
of the methyis taken up by the amino-groups (Edlbocber*B N-methyt 
numben). In the appllcatlaa of these methods the abnormal behaviour 
of the amino-group of guanidine, which is given In more detaO below 
(p. 78), Is very ImportanL 
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Fettc ud Hutooflck (3(^ 37) 1 ib?» dstannlnsd the add and alkali 
cfloiMnlng eqnivalaata by the eleetnunBtrle method. 

For erthnatloii of the baie equhralaot a hMaae eolutlon of koown 
itnogth me treated irith a knoim amount of sulphuric add and the 
h y dr ogen Ion oanoentration determined. The concentration of pure 
sulphuric add of the same p, wu also detennlned. The dlfierence of 
the co n cc n t T ado n a of sulphuric add In the two solutions gave the 
a«nn»n* of Bulphurlc add mmhlnnd wldi the histoiie. The MpwHmwni: 
was repeated with varylnx anuamts of fulphorlo add. The value 
for the combloed sulphuric add was apprmdmataly constant within 
the range of certain ps vatues and from It the ooinblnlng equivalent 
for adds of the histone could be ralciilnted, This valu^ under the 
conditions adected by Fdbc and Harteneck, was 0*54 TniiiimnU ml. 
phnrlo add and 8*3— recently 9*3 — equivalents for every 100 atoms of 
nitrogen In the hlaton£ 

By a similar titration with aodlom hydroadde tbeae authors fouiul 
iz>5 (ia7) free alkali-combining aquivalents to 100 atoms of nitrogen. 
By tltradon of free histone In 90 per cent, alcohol using thymol- 
phthaldn and taking as end pokt du first appearance of the blue 
colour only 8-73 groupa reacted out of the ii'S (137) addle groups 
which had bon found by electrometric titration. T^ difference of 
375 ml^t be eipldned by supposinf that some of the addle groups 
ate nentaallaed by basic groups the histone, probably guanidine 
groups, of which the dissociation is not pr eve n t ^ by alcdhoL If the 
titration using thymolphthaleln was performed In aqueous solution, 
It was found that only 4 equhralenta combined. The difference Is due 
to the dlffment degree of dlasodation in alcohol 

gy ilQp of gOUldillO SlulBtf vffaif f ||x 

sl edwHc aalatloa. ITinwttiBlea^ the lartwiylgioiqw (twpookllytfaeiHgrocp^ 
ean bs titnlad In slonlidlQ aolutkn if llie si g inlii e satutlaB Is jae f luiiij 
neutnllnd to hcuuUlijieol bine or mMnrin wUi o-i N hydrodi hrie add. 
Ibee akabol tttaatioa ghres the asiae aabw as ftnioUabjdB titratlcB afaioe 
In both OMBS an add eqidvelent Is tHi sled whkh Is ftee ow li ig to Ilia - 

ISHn and Hartsoaok 3d). 

A fonnol titration was first done on the histone by 
when estimating the N-methyl number (t& number of methyl groups 
taken up by each lOO atoms of nitrogen). Edlbacher's (ati) values 
have already been ghren on page 6a It will be seen from this table 
that the vahiea are high compared with those for the non-badc protdna. 



HISTONE OF THE THYMUS GLAND OF TEIE CALF jg 


Fialis ud Hartonedc (37) ncoatly foond 11 par oaot. formal 
nltrogon In the tfaynuu hlotono. 

In the hirtoneo, m In the protninhus, en tadno-gronp of the guani- 
dine reddue con be nltmteiL On odd hy dr o lyd a of nltrohlitone^ 
nltroerglnlne Is obtained (Kami and Welm, 99). 

(g) ifoden «f Ptptia m ikt HitUm. 

The blatone is attacked by proteolytic enaymoi, not only by 
bypoln bnt aleo, In controot to the protandnei, by papain which 
hM the advantage that It oota onder condltlona under wlildi 

the actUm of other am^maB, which may be mlmd with It^ b entlrdly 
or almost entlialy stopped. Komel (^) found a peptane-Uke ool^ 
stance, “ MnepoptoM," In the peptlo dlgert. TUs can be sepeiated 
from the msld bulk of the digestion prodoots by predpltatlm with 
■wrflnni plcrate at fointly reaction, snd thence bolatod by the 

diver-baryta predpltation (p. 5). The h h topeptone b obtain^ as 
sulphate. This salt oontalns i4<09 per cent sulphoilo aold and I7'i6 
per cent nitrogen, while the sulphate-free base containa ijhpS per c^ 
nitrogen. 

The plcrate b soluble In hot water sod comes out on cooling In 
oily drops, A solution of the hbtopeptone sulphate gives a biuret 
and MlUon's reaction but not Hopkins snd Cole’s glyoxyllo odd 
reaction. No sulphur can be detected by bdllng with alksHnn lead 
eohitian. On long boiling with adds no hundn formation b observed. 

Kosad (8^ and FeUz (33) the bodo liydrolyBb producta 

of the hlstopoptone by the Koesd-Kutadur mothnd. Thdr reaulta 
axe given In the following tabb : — 

Hi bio m wb. 
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TEIE PR 0 TA 1 IINE& AMD HISTONES 


KiMd'i ^ kUofapImm «iM(m ** vgoa tli* fnrm a lkju of lihlo - 

tim Bfadba to b* omlMft 4ar iMan* k dffarfMl iritfa papria. 
TIm dIgBtlso rnfadam k laj did fwy aHaJiBa ud ttMtsd wUi in 
•qneoai HriottiB of ndliim ^onti. A pne^lfate Indkatai Oe pnanoa al 
ftHbUBOB. 

TTiff mHwii of p imIii iln In ifpUod'far JkUligiiMifaig bWone frau 
^ nitrfmi MiJ pirfrfit. The JI|Mfloii mfartnni k nmb wmHj 

■imiMxikael ud tin tigolil dnip hjr drop wttb » wek umnoBkoel 

■tArtfcmafprafadnarWHiB'epeptaie. U pratainlM k ptHon^ » pno^dtato 
kfaned. A pndpIlBto k iiot finaad «tih hklnne. 


It^Iix (54, 35) wwnlfmH the flltrmta from the plorie add prodpl* 
taki. Ho obtained 4 fracdoni, two of wfakb confined arglnlne-rlch 
peptonM of high mnliMular wb(^ (Frictioni UL and IV.) whfle the 
tUrd (Fraction V.) CTwtelned dipeptldai dt monoamlne-adch. Ffo- 
don ll waa lyibie. TIm lyalne nltiimBa amoontad to 3 per cent, of the 
total, thus a molecole d lydne k apllt off frotn 100 atoou ci nltro* 
gen In the hbtone. The e^eme ahoira the method of fractionatloil^ 


EOatone aolphate from celf ti^mm dilated wttii papafaipIICL 
'Of if^p* ♦***"■* wltti audluiii pkiaf 



pknle pnol^dlBts 
traakd bp aam>haipte 

mea^ li ndl^ 


mtnte from pceo^ltata 
txasted wlUk phoapk^ 
timpHoadd. 



POtaate. 






^%dtDWN. i^^tnklir. 



ReolpUatB mtcalB. 

fraaladhr Aakfae F. 

dlrvbafpf ftpUdmof 



a3%cd total N. 


Rwdpitata. PlHnta. 

Jd mt/pH III, IV. 

7%i)<totalH. 14% of total N. 


Eaen If It la not accepted that tbaae fraotioas are fthwfiiin«i indl* 
‘yfrhiala, their oiamlnatlon abowi that It k probable that pepalA 
apUta the hlitone into two parta, age arglnloo (Eracdona 

L, UL, IV.) and the other free from arginine. The aqMr^on of a 
group rimilar to the protaminea or protanea baa not yet been achieved, 

■laea In nnna of the afgliiina.afm*ainliig groupO hOB thO arglolno Content 

greater than that of the bt«tone. 



HISTONE OF THE THYlfUS OtAND OP THE CAlP 


TIm work wai oxtanded by Felbc and Hutofioek (37) who canlod 
out flzporlaionti on tho cluuigo In tho fnw boilc gmipo 

during poptle dJgoitlan, uring the electrometric mention^ 

above. 

The hlitone preparation uied for tUa purpoee had the compodtion 
given on page 75, and the combining equhralenti given on page 78. 
The numbeia give the inereaae In groupe per 100 nitrogen atoma^^ 

I. Bade gro oj n (fatonaae In cnmbinhig p ow ei for aoldi) . s-t 

■- AnliWii gwif in i— wHiHiij piiMM far 1 «— ■) , fro 

S. nee aintoo-gro uf >•0 

4. StannoMltiBUile oaiboiTl gnnpn .... 3*3 

3. Alnohnmfantnhle eubonjl grcmpa . . . . 3<a 

Huu the action of pepaln haa Inereaaed the «wmMning power for 
adda and baaea equally. Peptide Unking la, therafbrei, moat probable. 
According toFelis and Harteneck, the eaceai of addlo groupe la too 
amafl to permit the aaaumption of an eater Uniting. On the contrary, 
SteufW and WHnghfliM (179) found no Inereaae In free carboxyl groupe 
and only Incnaae In free amlno>groupa on peptio dlgeatlon of the 

Wafniilii 

O om a w L at ahnUar i itw ialliiiia have bem made far otter p n i taliii . Una 
WeMilnidtJeit^ SebUfaar, and Qiamniaim (193) (p. 41) imiid ttat tta 
aattm of p ie te ol yU o onajnnai cn diveliie p todne a d an eqod taienaM In tta 
imwii—p d mmi bade giuup a; tta 1"*— ^ In — —a oarinK^ 
granpa waa aa x : i. Iba mma raBolt waa oMatnad by Walilmhmldblalin 
tnd H™— (104) In a^ a tlm i l n on tta peptio dlgaatlan oC naadn It baa 

a Wm* T— W mmmA iwi* Hly ll IwjlallMll — 

ImkigB gI pqiUda ntiV a y, 

On tta oUwr band, Staodd, mwngiiMi^ and Gotladialk (178) bond a 
daftdtdv gnafar Inonaaa fat eubonjti froopa In Tarlena pnrtdna. 
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CHAPTBR IV. 
togr oMHa bbckbpebm. 


HaroNn on found In the ripe eporm of oartaln cUum of vertebntei 
and InvertabfBtm. Subrtuiefli In tho mript gonadi of flih hnvo 
■ko bow dscribed which on ot lout very rimllar to the hlifconeo 
hut which have not yet heen ooffidentiy eiomlned to ootablloh their 
nloden to the Tbo firom ripe eperm will bo con* 

ridered fint 

Coi ( 8 o).— The bbtooe li prqiared by hydrochloric add OKtiactlon 
of the qMnn obtained from the testkki, after they hovo boon cxtroctod 
with alf o h o * and ether and dried. The hlatone li obtained from the 
hydrochloric add eatract by laltlng out with aodlum chlorido. 
The pradpltate la filtered off and freed from aalt by dlalyilB when the 
hlatone goea into aolutlon again. The hlatne la pr^pltatod from thk 
tolMrio" by ftmmtMita- lioUach'a reaction la ncgiulvo and tho trypto* 
phttn reaction podtlvo. Tho nitrogen contont la 16*5 par cont The 
hlatopeptone reaction (p. Bo) la podtivo. Tho relatlw proportlona 
of the h y dr olyda producta an In tho table on page 84. 

TadpoU, LeU ndgwir.~The prepamdon of tho hlatone mamlned 
by EhntrOm (30) dlfion from the fonyolng In that tho maaa of aponnn- 
toioa, after drying and extractlai with alcohol and other, b rubbod 
up with concentrated hydrocbloflo add, the action of tho add being 
allowed to procoed for an hour at roan tampenturo. Throo to four 
volumea of water an then added and tho pr^pltato, which cootaioa 
the nucldc add, filtered off. The filtrate b lUNitralbod with aodium 
hydrcodde and diluted when a prodpitato comca down. Tbb b dia* 
■ohrad in hydrochloric add and predpltatod by anunonla. Tho 
Bohition and predpltatlon b repeat^ aeveral timeo. Tho hbtono b 
Inaduble in water but dbaohrea b adda and Such a aolutlon 

can be nautnlbed without the aepantlon of the hlatono. Thoammonla 
predpitate b adubb in exceaa of ammonia and b predpltatod from tbb 
aolntlon by ammonium chloride. If the noutnl aalt-contaiobig aoiu* 
tion b bdled, a prodpitato, which b loaoluble In odda, acparatca. 

be 



HISTONES mm SPIERH 


B3 

Nhrio odd dofli not predpltats tho hlitono. TUi Ustono Ii dUtixi* 
gnUied from tho otbm by thoM two lottor rMcdooi. It li ilio dli* 
tingahbad from the thrm UstoiM montimwl In givfaig n poddra 
MoUich naotion. Hopklna and Golda tryptophan reaction is feebly 
positive. Tbo nitrogen comtent la lower than ti^d the other hlatoosB, 
(For bado liydrblyds prodnota, see table on p. 84.) 

CcNtro^ibenif trmmbnu (Koead, 6^.— Only the nitrogen dlstrl- 
butlon of this hlitooe whloh does not differ from that of the other 
faktones (of, p. 84) Is known. 

AMadwinfir-Very little Is known about these histones but tii^ 
can be tocladad from the general distrlbotlon of tiio hlstonea from 
^Mnna. 

A(lrB^artsnaiiriawdk<w(KoaBelan^ X03)^The testides 

are bdlod up with eloohol and the extraction completed with ether, 
^ibo dry redduo Is In g ■KnMwg mpi«Mnw with i per 

solphurlo add and the qrtraet -predpltat^ with alcohoL The pte* 
dpltate b purified the plmte and the hbtone b hnlated as the 

Bolphate. Thb b a white powder soluble In vater^ The solution 
givm the typical ammonia predpitation, biuret and IflUon reaction, 
but the col^ reactiona for tryptophan dnd <7Stloe and Holboh’s 
carbohydrate teat are negative. Tyrodno can be obtained In crystalline 
form from the monoamlno>add fraction of tho bydretysb poduots. 
The pr ese n ce of hbtidlnB b doubtful. A Mstidlne fraction b ditalned 
which gives a dlaio rea cti on and k free from tyrosine, but the diaso 
reaction b no longer given after benso^ation (cf. Inouye^ 71 ; Koasd 
and Kdlbanhnr, 10a). 

A peouUarlty d thb histone b the low arginine content (i9>4 per 
cent of the total nitrogen) and the Ugh lysine content (minimum 
value ii'S per cant). Less ammonia b formed during hydrolysb 
than with other hlstamee. The hbtone eolphata i5'83 per 

cent nitrogen and ia*a6 per oent sulphuric add ; thb conesponds to 
a nitrogen content of 18*05 pv cent to the free hbtone. 

E dik nu sie i ii m lwr (Koasd and Staudt, io5)^Ths qMcm b 
obtained from the minced tmtides by with water and filter* 

Ing, tho maas worked up In the us^ way and the hbtone finally 
co n vert e d to sulphate. Thb substance gives a dear solution In 
water. Tho solution b predpitated by nmmnntp it giyg^ ^ strong 
SakagucU reaction to oiglnins and Millon'a reactiim, but no trypto* 
phan or Mnlliich reaction. The l)raliic content b very hl^ (tee p. 84). 

Hlatenca with nasmtialty the same pr o partl ea have abo been pre* 
pared from Eckimu snditf and Stongyloctiitvtiu HoUut, but the 
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THE PROTAMINES AND HISTONES 


qiuatltlai ware bufflelfliit for a anminatiQii. In dJstlnctlan 

to tbe abova Uatonei tbef gave a podtive MoUach reaction. 

To thla group belongp Jbtaebu, a eabetance from the teatlclea of 
Mt u U by Matbewe (la^- Tbia aubatanco dlffen from tbe 

hJatonea In that tbe ammonia predpltatlon only takea place In oon- 
cmtiatad aolntloiia. The nitrogen content of tbe aolpbate la iS'pi 
per cant Arbadne givea a MUIon'and biuret reaction and forms a 
pfoe^tata with protelna In ammonlacal solution. 

Aa mentioned above, aubetancea are found In the unripe teatlclea 
of flih whoae almllarity to the bktofiaa cannot be ovedodced. TUs 
la eapedally ao In the caae of a substance which Bang (IQ found In tbe 

of tbO mACkoral iMWiKiytin, fliNimlwnnn Jigf 

olementaiy composition— 

49^ per cant C ; y-a j per oent H ; 19*79 per cent N ; 

0*79 per cant S. 

It baa a high nitrogen content It la predpltatod by ammonia and 
aodlum hydroalde, la eaaOy aolnUe in adds, la - piedpltated by 
alhalddal reagents (and alao by picric add) In neutral or fee^ alkaline 
•ftlnrinna and thus bebavea towards these reagente like a !!<■*«>««>, 
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HISTONES FROM SPERM 


fls 

It li partly rodatant to tha aotlon ol pqMin>HGL Tbla could be bk* 
plalnwH on the groanda that acoobtona la a ocmpound of u protein 
an j icofnbrfaio, tho ptotunliio of Of ft mlxtaro of pfottr 

iritfin onH hlafnim 

It la difficult to dedda vbadiar tlia " alhmituM '* prepared by 
Mleecbar (lay) from unripe aalnwm a p erm la a hlatone. A deolalon 
can only be airivod at by an a^uuiatlve wmnlnarinn of the aubetaoca. 

Tie moat Important raault given fay tide Hat la the evldenoe tfaat 
lilitone la not one eufaetancn but a group of aubstaneee. Certain 
fluctuatlona may be due to Inoomplete purification or to lack of 
tachnlque^ but In any caae there ere vailatiooa In the dbtilbution 
ci the baalc conatltuenta, In the aminwnift foimation, and the trypto* 
phan and carbohydrate content! which ore due to the aource of the 
hlitono 
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r!mtinp.AT. TiirrjtTirmt»*rmBBfyi!AimiMAwn HwitiMim»ir>nTinni 

BASIC FBOTBDra. 

'R mi iii— tho pfotunlnfli aflrf hlsfemiM othor lubttBnofli o£ protolii- 
or pQptan^UkD nAtim uid bade charactaf havo been found In mlmal 
tianui, which In loinfl wnyi raHmble the protamlnfli and hlitonM In 
pra pertiat, It li doabtful whathor they ihcmld be InrfiiHiwi Jn tbew 
granpa m tho tonno " hiitono “ and " protamine " would then he 
quite indefinite. 

Anumg thoM euhrtancee an: — 

(i) Tho lydne-rlch qyprliilne at proMnt darned a protamine, 

(a) Thymamlne. 

(S) The bade pqrtonee of the btootinal mucous membnae and 
lymph glands. 

(4) (Hoblo. 

(i) Tkt LjftkiMiA Cyprinin».—\ii olupeino, a protamine of tho 
salmlne group, tho basic chancter la due to the frM amldlno group 
of the guanidine, In the lydne containing protamines, as montiaiiad 
on page 56, at least one amlno-graup of the lydne, a^ In the hlstl* 
dine emUMlnlng protamlnoB the Imlnaiale group must be — imaH 
free and not concanied In the peptide Unlring. These groups an 
roqiondhie for the bade chanwter of the whole molecule. If t^ froo 
amldlne group Is largely replaced by the free amlno-gronp of lyalna, 
or the tmlnawle group of histidine, a change in the reactions of the 
protamine concerned must occur. This Is the case In the spenn of 
certain fish, e,g. the carp. Here the propordon of the unit arglnlno 
Ii diminished and a correspondingly large amount of lysino Is present 
In some cases ^ per cent of the total nitrogen is contained In lydne 
whereas the arginine nitrogen forms only 3 to 4 per cent, of the whole 
(Kosad and Schonck). 

Hand In hand irith this change In compodtlon the proporty of 
forming precipitates with proteins, potaadum ferrocyanido Mid sul* 
‘ ph oeall cy llc add la lost Other general reactions of the protamines, 
however, ore still given, e.g. biuret and finirogiti»m reactions and pre- 
dpltates with picric add, flavianic add, md phosphotungrtic add. 



CHEMICAL RELATION TO OIHER BASIC PROTEINS B; 

(s) TkymtmiiU . — Tbe ocoinoice of ths hlitone In tlia thymui 
^■nd led to an eronlnatioii of tlik nacleos-tich dane for protamlna. 
Nelwn (13a) obtahud firom-lt-by a ompUcated metihod a aubitanoe, 
-thymamlna^ iriilch li appafootly liooiogeoeoaa and vfaich anthor 
regaida aa a protamine. The platlnom nit which he aoalynd had 
a eompodtlon oormpoodlng to the fonanla C| A«NaOt . aHQ . FtCl4. 
Thai It contalna dlitlncdy lea nitrogen In pr opo r t i on to eaitMm 
any of the pfptamlnea ^ amlyied. It gim the Uuiet naetlon 
bat not MUlon*!, and focmi an compoand with nuQkto'aeld. 

No detalli of taaotlou or breakdown prodoeta, which make Iti In- 
durion In the protamine group probable, ha!?e been provided. It la 
mote raaaonable to dan thymamlne with the fdlowing bade peptonaa. 

(3) Bttit Paptnu-Uto T^bnia Cwurfimifr.— Felln (33) found a 
mbatonoe In the thymui gland which wn charmeterlaed u a pntaln 
derlvatlva by the Uuret enaction but vddeh no hUriHttm 

n Judged from the a b ean ce of a dino tnaction. Like thymamlne 
It wn not prndpltated with potaaahim famcyanlde and gave no 
MUon reaction. 

Further Inveetigntlon lad Fdlx to tlw coneludon that bade paptooe- 
liko aubataneea of a dmllar kind fon^ a group widely dlatiibutod 
In the animal tinun. frf thft 

and. lymph ^indi gave two dlfforant aubataocan 

Pngpirodeth — Ihey were prepared by tnathig the tinoe with 
bdllng alcohol and eatnotli^ irith dltuto hydnolila^ add. The 
Uitono wai predidtated from die hydrochloric add by nltlng 
out with aodlum chloride and the hfrtooe-free filtrate wn predpltatod 
with phoaphotungrtlc add (after temovlDg the aalt). Tto phoapho- 
tuogrtatai of the b ee n were deoompoaed and c on veriad to caibonatoa. 
Then were predpltatod with aleohel and the product purified by aeveral 
prodpltatloiia from water and alcohol. 

HydnfytU . — Eaaminadon of the hydrolyili mlxtuie gave the 
following percentagn of the total nitrogen 
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BohrtBiica from faitartnal man 
monibiuo • ■ • ■ 

54 

*6 

11 

*7 

aabrtMnee fcom lymph gkodi 

44 

*4 


*7 


Avpardar.— The carbonatn of then aubatanen react atrongly 
ftifcaiinn. They differ from the protamlnea and to aome extent alao 












the protamines and histones 


from tbfl ^^^^wnw In not bdng adtsd out and not bolng pndpltBtad 
|,y amfnirnla oo cBUtloiii iddltlcm of flxod bUdbIIi, Thqr do not glvo 
pndpIlataB irlth protalni or nucloic ndd (distinction from tfaymoF 
mlna). With, pot^om fdrocywilde thoy an prodpitated ndthor 
In nentral nor acetic add solution. Tbqr wo not attanlmd by a 
tzypsin piq»ration which acts pownifully on fibrin or histones, 
Tyrodoe fa ahaent and nitric add produces no predpltato. In them- 
sdres they In the arglnlno content and In the occuneoee of 
iihHfUtw b the sabstance from the Intsstinal mucous membrane. 
The prepared from the lymph glands gives by the Komd< 

KutKber method a "histidine fraction" but like the orighial substance 
this does not give a dlaao reactio n . 

The of typical pmtanUne and histone pro p e r ties might 

well suggest compounds are not real tfasoo^onnlng sub* 

stancH but tfifam niiitlfttw products of metabolism. This is supported 
by the very small quantity In which they an found In the tiasuos, 
'flu leafatanca to tiypdn suggests that the mdecule la not oo largo 
and a oon*colloldal natun fa Inferred from the fact that they cannot 
be salted out 

(4) Gteiki, the pmteln constituent of blood pigment, was darned 
as a histone by Schufa (157) and Bang ((Q. OBato(i35)byprcdpltating 
with MumiMih at varying pa showed that the optimum pn for tho 
pndpltation of gloUn was pa 8*1 and, since tho optimum pndplta- 
tlon of globln*lllm protalna had been shown to ednddo with tho 
laodeetrie point estimated by katapboresfa, took this h ydrogen Ion 
ooncantratlan as the laoelec^ point Schuls had already clamed 
globln as a bade protein. Hmmof^obln was coaddorod by many 
workers to bo a salMlke combination of the carbonyl group of the 
bsamoebramogen and the amliu>>gioop of the globln (Steudd and 
noser, 177; Kuster, iia), 

Abderhaldea's (i) eiamlnation of the hydrolysis products showed 
that globln contained afanoet all the units found In the protdns. Of 
the totd nltrogen-tho following perAntages bavo been for 

the bases from Abderhalden’s analysos: — 


AigfailnB 1049 

Hfatldliie i7«j 

Lysliie 4>ge 

TMal base N . . . . 33*14 


{flstidlne fa present In greater amount than the other bases. 



CHEMICM. lUOJ^TION TO OTHER BASIC FROTEIMS 8 p 

AoconUng to the ■oatfNi by Schub gloUn nnntalno 54^ per 
oont C ; 7*90 per cant H | l&Bg per cant N ; and 0*43 par cant &• 

At flirt d^t tlia propartlai of gloUn appMr alniDar to thnae of 
the btrtmw. Under certain condltiona ^vee a pndpltata 

fdtb ammoiilai like hlatpina It la piedpltBtad by nitric add and 
potMdam ferroeyanlde^ but not by metairfm^dioflc add. Aooocdlng 
to Bang It li only Incompletaly piedpltaM by the albalnldal reagenti 
at neutral raaetlan. 

But Ita behaviour on peptle dlgaitlan li totally different to that of 
the hlrtonea, for no hbbqpcptone la fonnod. TUa anggarta a funda- 
mental difference In etruetura. Another dladnotlon from the thymua 
Uatono la that It la not palaonoaa (aee p. 95). Sohuli ma aUe to 
Inject a gnms ^obln Into Um Jugular vdn of a nbblt 1*1 thout Ita dying 
In the neat few daya. (Bobln doea not chedc blood cnagolatlon Uke 
tbo thymufl 

laveat^iatlaoa on the baalc pretdoa and protdn derivatlveo auggert 
that the bado propartleo of thoae oubatanM ml^t be due to three 
different graupa pieaant In the free and reactive atate : the amldlne 
group of arginine, the Imlnaanle group of hlatldlna and the a- and 
a-amlno-groupo of mono- and dlbado nmino-adda, eqiadally fyalne. 
All three may work at the same time aa in aturina, If one of thaae 
groups la present alone or In pndomlnatiog amount, It datermlnea 
primarily the p r o p er ti es of the bade protein concer ned. 

In the substances which we have classed as protamlnea or hlatonea, 
the amldlne group of aigliiine la the predomlnaat, and In the numo* 
prota m ines the only active one. It Is this group which Imprints on 
the protamines and hlstonea their bade character. But In i^oUn 
the Imlnasolw group piepondBrateB, and In certain bade protdns of 
carp sperm and also In basic peptones of ^and tissues other amlno- 
groups predominate, e^Mclally those eonteini! in lydne. 



PART IV. 

IBB BIOLOGICAL SUanPlCAVCB OF FBOTAlOllBa AMD Hl B lOMHa 


CanocAL pr oc m MA In living motorial can be studied in two ways. 
Either one can study tbs rmpUfy dlMppoarlng Intonnediata products 
wbleh an the rmit of food absorption, e.g, the energy 

achange b oiuscle or tho oxidation p ro ca Mes and similar phammiwa^ 
or one can study tbs dam proce s se s such as tissuo building and gro w th . 
The work cd gl<iiwrtli«al phyabloglsts la usually man concetnod with the 
tormor, which an pro ce nea mon accemlble to expariment, than with 
the lattar, whoae bvestlgatlon b b moat caaea r aatr l ctad to deacrlptbe 
treatment Our knowledge of tho protamines and hlatonea baa not 
yet any b '* Qzperlmental " biochemistry. It 

has been g»ln"H by the second method, on a purely deacrlptlvo basis. 

It ^iplies mon pardcularly to the proceases of growth and the 
building up nf the timuea. The protamines and histones an con* 
adtuonti of one of the chief organs of the cell, the nucleus, and this 
organ is doaely connected with the processes id cell division, fertlll* 
aatlon and bherltaoce. Chemical examination of the cell nudoos 
foveab throe different states of lb substance. 

(i) The fint state, which qipean to be the original, b a combba* 
tion, asyet llttb bvestigatod, of pntelns with an organic group which 
contains purbe derivatlveo end pho^borle add. Tho structure b 
such that so far no one has sutured b separating the Individual 
parb of tho complex molecule from one another without considorebb 
decompaaltlon. Thb substance b known as nuclob and b widely 
distfUmted b tho animal and plant klngdoma, occurring for example 
b the sperm of mammals. 

(a) b the course of devdopmait of animal cdb a change takes 
place b thb system which resulb In tho formation of two poloo, as 
it were, and the whole taking tho character of a salt (" dissociation 
of the nucleus "). By thb change tho nuclear substance b made more 
a c c e ss ible to chemical examination. We can now separate an add 
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■nd a baw iritbout doitniyliig tha •tnotnra. llie addla add 
and the other eooadtiuDt la tlio protalii ooowtod into a baao. In 
moat caaea the baale protein ratalna Ita atnictnro eompoaed 

of 18 to ao unlta, La. It la co nv e r tod Into a hlotone, Thla can be readily 
laen In many tiaauea of vertobrataa and Invertebratta, ag. In the 
wup-lH of many gin«Htiioi» otgeng^ In the rad cocpnadea of bird bloodi 
or In the ip enn ntoaon of many ^ (GadldB) and the eoblnoderma. 

(3) In the teatoa of moat too ohange goea atUl farther. During 
the coune of apennatogeneala a large port of too monoamlno-adda 
and In acme caaea even a part of toe baaea apUt off from toe protein 
mo lecule and a realdue la Idt In which the nmnnuilnn-oeirf part 
of the protein molocnle haa been radnoed to a amall amount while 
toe bo^ part predomlnatea. The anhatanona thoa formed are the 
protamlnea. 

This chemical change ot the cell nucleua haa ao far only been 
obeorved In the animal otgaolam. Ita bio logical dgnlfieMw !■ un- 
known. Ftom the Inveatigatlona of Mleecher (isp) and Wdm (ip 0 ) 
on toe Rhliu aalmon It muat be aeauTDod that the protamine la formed 
by the decompodrion of a higher protein. The Rblha — Imnw le 
especially aultable for the Inveatigatlm of ouch changea In the body 
alnce the following coruUtiona ora fulfilled. The animal oppieB up 
firom the aea Into the river after a period of good nutrltlan. During 
Ite edataiica In freah water auppllea ora completely cut off alnce the 
animal taken no food. The durian of Ita atay In the RUne la from 
five to fifteen monthn. Daring tl^ period the teatldeo In fiahwel^ilng 
3SOt> to 10,500 grama Inoteoae from 0’105 to about 6 per cent of the 
body wd|^t The onlmala form the teatlcleo at the coat of their 
body aubetance^ eo that beddea a dlaappearanee fat and. glycogen 
a condderable decraaae In themuacle tom la ob a erved, and alnce the 
animal muat live aeveral mmitiia by liquidation of the rtigi— there la 
a condderable dolly lorn In wd^ and a eonaldaroble loea of fl— h- 
The protein content of the body mnaelw, according to Afleacher, drupe 
from ly-p-ip per cent, in March to I 3 't>-I 4'3 per cant ofto the 
milting In Jaiuiaty. The muode protein la thua uo^ for two purpoaea, 
for toe daily Himlwtaiiltig metabdiiam aiul for formation of the 
teatidea. But for the latter purpooe a tranderance of the muade 
protein 'to the growing eemal organa la not auffident dnco the new 
protein of the epermatoioa li found to be dISerant from the protein 
of tho muscle. In the sp erm protein, ■ftlminw, about 90 per cant. 
of toe total nitrogen, Is present oe ar^hilnei. In muecle protein thie 
amount le coodderhbly 1^ 
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Aiglnj[]ie>ridi might be fotmed from ugioliiB-poor mtucle 

prabeln In two poulble w^i. Either the Urge einount of ugliiloe 
foqnlnd could be buUt up by • eynthetk pnceei or It could be taken 
from the muecle protein decompoeed during the faiting mwinimMii 
of the aalmon. Welai (igd) canM out experlmenta to decide whether 
the arnoont of arginine In the part of the miiacln timue decompoeed 
wan aufBdant for thk purpoae. He eitloiated tho amount of aighdne 
In the muecle ofaalmon moving up the Rhine. He found that a aalmon 
oi 9doo grama with about dBoo gnuna body muaele (cf. Mloacher, lac. 

P< 139)1 the time of entering the Rhine, wwitalnod about 60 
gntna of arginine In Ita body muade. At apawnlng time the body 
weight la fodneed to the ndghboorhood of 9 kg. If, aa oatiraated by 
Mleecher,* the wdg^t of tho ripe taatea la taken aa s per cent of the 
body wel^ and the protamine aa 6 per cent oi the ripe tmtea, then 
the ripe tMtea of the animal would iwt contain mote than 33 grama 
arglolne. Thua only 38 por cant of the arglnlno In the body muade 
la required for the formation of the taatea.* According to llleacber 
afen^ aalmon daring ita stay In the Rhine conaumea 5474 por cent 
cf the protein contained In the body muade. The amount of protein 
decompoeed la thua fully auffident to cover the arglnlno roqulnmaat 
for the growliig teatea If ft la aaoumed that tho decompodtlcm of the 
proteb In the male amounta to only two^thlrda of that In tho 

In a epedoB of aalmon from the Fadflo Ocean, the Onooriiynchua 
Ihchawyticha (Chinook ealmoo), the protamlno la Identical irilh or 
very doaely related to BBlmlne, but tho exhauadon of tho 
■ubatanee by atarvatlon and the tranaforenoe of material to tho grow* 
Ing gooadi le etUl more pronounced. Thla animal, Uko tho Rhine 
aahnon, after aevenl yean' good nutrition moves from the aes to the 
river to qwwn In fnih water and tokos no food oftor It boa left the 
ocean Thae anlmah which go up the Columbia River have been 
otudled by many wurken, eepedally C. W. Greene (49, 50, 51, $3) and 
K. Greene (53]. Afteretaylngln braddah water without food fm one 
to one and a half niontha thla aalmon makea a Joumoy of ^ to 1000 
mlloe, often iwimmlng against rapid eurrenta at the rate of about 7^ 
mlloB B day, to reach tho apawnl^ p l ace. Aa aooa aa It has apawn^ 

Bmd 7 In HMt x, ijMda (i87d, iBaehw Ilia at Ika twtwmammt 
kmr, 9M 400 giuDi “ nd awr “toe aolb. ■Imna in Horanlnr. 

■ nolidir iUD. mnoehnt nalw rinoi tbe wUiiiitlaa of tha pnlaalM oonlBit 
of Iha ilpn tnta li nttv too UdL 
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the axIiMiatBd anlnul dloi. lUiiiififfBreatfroa the Rhine ud other 
lalnion which lorvlve lerenl q>twiilng periode. 

Thew obeervatiou npport the vl^ that the molecule of the 
liquidated muxle protela li, divided Into parte need for two pfayrio* 
logical fiiiwrtlone- -the greater part^ Iti MhM| for the enonnoua 
muacolar perfbnnaoce and the part, Iti Jtr wrt er w l NJitf, for 

the formation of the gonada Ihli latter part la found In the QMrm 
heade In iTTT**iHnatlfwi witii 

The chaneterietio nudelo adde td the norJd.and ^permatoaoa pre 
recegnlBed chemically by two pecoUarltleB, the anmimnlatlnn of phoe* 
phoclo add molaoulaa and die abundance of nitrogen atoma. The 
nitrogen atoma are arranged altomatel^ with earbon atoma In the 
form of a frameworh which oarrlai mainly hydrogen atoma (adoolno 
entirely]. Ihla la eepwdally clear In the purine derivadvm which 
fonn. along with phoapluxlo add the eharaoteriatlc oonatltuentB of the 
nucldc adde In ^ jdant and anhnd Wngitnaw (F oaeel). 

N-C 

A A-Nv 

The carbon-nitrogen dceleton of tUa double ring la rnnipoaed of 
Imlnaeole and pyrimidine rloga. 

In the t— of a of pltTOg"" nfcnrna 

le alao notloed In the protein reddne which la attached to nnoldc 
add. The hlatanea aa well aa the protamlnea an rich In dtrogeo. 
Ihls eharaoteriatlc le moat definite in the admlne group. Out of 
9 nltngena In 6 an uaed up In the following etiuotum 



For Indght Into the charactwr and funetlan of the apermateioa 
It la of fundamental Importance to know tbdr Ohemkal characteriitice 
In addition to their mc^ology. A peculiarity In chemical etroctun 
la aeen in that part of the pmtofdaam irideb b the ataitlng-pdnt for 
the pneeaeae of reproduotlon and formation of new living aubetance. 

'VThan thb change o£ the protalni attalna Ite mninnim, Le. in the 
protamlnei, the carbon llnkagee which an characterbtlc of the typical 
pntelna an reduced to a nilnlmnm. Pram the whole complgr protein 
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molaoilfl A dmplo ■tiuetura It formad duilog developmant of the 
qMrm bad irbldi li compoaod of four or five rogulaily dlibibntod 
UDltl. 

Hu checikal oittiulnttinn of the qiormafaMoo la poalblo ■<««»* tlu 
qunnataa of nuay Idiida of aa bo obtalnod from tho aperm 

oftbotataahlBtologlcallyhoaiogaaaoaaatBrtliigiiigtarlal. TheovBi 
In iriileh the yolk gruula play an Important part from the outlet^ 
diMiibt pooMa tlila advantage. Tbii^ up to the pteae n t, Invatlgatiaiia 
of thh Idnd have only been poaalbto on the ipennaloaoa. 



addendum:. 


THE ESmOLOCUCAL ACnCOf OF 1HB FBOEAUmS AND UiFIOKUl 
ON THE NANNAIJAW OBfUNIIll. 

Ttaa phyMologlcd mtion of the protunlnaf and hjrtaui la alao of 
oonMdonhle Intonat from tho chwlcal point at viov, aloce It la the 
nault of a definite greuplng of atoma which can hardly bo racognlaed 
by c h em ic al reactlona. Tliti pvup ft iut rt y t i by (fa kyMytU da- 
e mpoM an af (la p rt ri amitu fala pnlontt ud la, thenfbre, a definite 
factor In the compofidon of the molecule. It waa atnted on page 45 
tliat tho protamlneo differ from tho protonea in affloHHtlea In 
forming qMring^ aohible compoonda with the typical protelna. A 
third dlffaronca la their tado action. In thla rea p e c t the hhtonaa 
beham like the protamlnea. The toxldty dlatlnpilahea— aa far u 
la known at praaent— ^ protamlnea end blatonea from tfaoae baalo 
protelna In which the bodclty la mainly due not to a free guaddlne 
group but to an Imlnaaole group, 04. globhi. But the guanidine 
ralduo moat not be regarded aa t^ ade oauaeof the polaonoua aatlon, 
alnco the toddty la minimal In ptotooea and abaent In arginine. 

Tho pliyalologleal action of theae aubatanoea on the dog bae been 
by Ihompeon (165) In Koaaelh laboratory. Injection of 
0*1 to 0>a gram of protamine carbonate Into the circulation cauaea 
a depreaalon ci blood’prtaaure whloh can be naplalned aa peripheral 
or direct Influence on the vaacular wall, and alao a change In the 
reaplratlon which muat be aaerlbed partly to direct notion on the 
voluntary roaplratofy muaculaturo (probably dmultanooudy doe to 
a central action). In addition there la a retardation of the blood 
coagulation and a diminution In the nuntbor of loucocytea preaent 
In the diculation. One Injection of 04 gram clnpeine carboifata 
Into a dog weighing 10 kg. cauaea Iti death. Salmlni^ atnrlne, and 
hiatonea have the aamo action, tho fatal doae of atnrlne being a little 
larger. 

Ihe toxic action of the hlatnnaa la the more remarkable alnce they 
an a oonetitueot of the normal tlaauea from which thty can be Uberated 
anally even by auch proceaaea aa can be aumnd In pathological 
conditiona. 

as 
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